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Retailers cam store UP to 50% 
more milk in refrigerators --- 
more potential sales, profits 
without expanding refrigeta- 
tion. And surveys prove that 
products in returnable glass 
potiles increase other sales. 


Las HANDI-SQUARE BOTTLES 


new con 
veniences for the consumer, greater operating effici 
ciency for dairies. 


OWENS-ILLINOIS GLA 
SS COMPANY © TOLEDO 1, OHIO ¢ BRANCHES iN PRINCI 
PAL CITIES 


Your advertisement 
is 
being read in every State and in 25 Fereign Countries 


a 3 cases of new Handi-Squares 
(( occupy same area as 2 cases 

of standard rounds .:.expand 

: plant and truck facilities. The 
changeover cost is quickly 
absorbed by Handi-Squares’ 
all-round economy which 
continues year after year: 
E 
A 
4 They cash in on consumer preferences! U : 
x 
Housewives prefer milk ina 
glass container. They trust its 
protection of milk’s delicate e 
flavor. They're voting a 9-to-! * 
preference for Squares over 
any other style glass container. WATURE S 
* They profit from reused retailer acceptance! 
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Whatever your cleaning needs may be, there’s 
a Wyandotte Dairy Cleaner made to do the 
job quickly, efficiently, economically. 

Wyandotte Cleaner and Cleanser* is for 
washing all dairy plant equipment under 
normal cleaning conditions. An active, soluble, 
free-rinsing cleaner, it is safe on glass, Monel, 
and other surfaces. 

Wyandotte Poma* is for cleaning equip- 
ment in water of medium hardness. Low in 
alkalinity; high in cleaning ability. 

Wyandotte C.W. cleans cans thoroughly 
and helps reduce the formation of lime scale 


in the can-washing machine. Wyandotte 
* Registered trade-mark 


WYANDOTTE CHEMICALS CORPORATION 
SERVICE REPRESENTATIVES IN 88 CITIES 


WYANDOTTE, MICHIGAN 


> 


Kanwash is for use under more difficult clean- 
ing conditions. 

W yandotte S.R.-10 provides milkstone con- 
trol. Sudsy but soapless, Wyandotte G.L.X.* 
is excellent for general equipment cleaning. 

Wyandotte Steri-Chlor* is an all-purpose 
germicide that can be used throughout your 
plant, after cleaning has been done. 

Your Wyandotte Representative will be glad 
to help you select the Wyandotte Product or 
Products best suited to your particular needs. 
Why not call him today? 


REG. U. S. PAT. OFF. 


yandotte 


Your advertisement is being read in every State and in 25 Foreign Countries 
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A Giant Show 
for a Giant Industry! 


IX acres of exhibits . . . 2,500 

products and services... All the 

| marvels of modern technology and 
engineering translated into ace-high 

usefulness for the dairy industries. 


Plan now to keep the Dairy Date 
ot *48. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Whether Pasteurizing, Separating, Pre-heating, Butter 
Making, Condensing,.Evaporating or making Powdered 
Milk, you'll find a Mojonnier Tubular Heat Exchanger of 
exact size and capacity, engineered to your specific needs. 
Thousands of these streamlined units are giving dairymen 
all over the world a new, modern standard in heating 
efficiency. Bulletin 164, carrying the complete, illustrated 
story of the Mojonnier Tubular Heat Exchanger, is ready 
for you ..send for your copy today. 

MOJONNIER BROS. CO. « 4601 WEST OHIO ST. ¢ CHICAGO 44, ILLINOIS 
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Mojonnier Tubular Heat Exchangers 


Mojonnier Tubular Heat Exchanger pre- Condensing Preheating milk of Pasteurizing 
Renting milk in menviectere of hot wells in condensed Milk to 161° F. as part of 
condensed milk, ice cream mix and Milk milk plant. reat sang — 
powdered milk. nier -Time System. 


Two Twbuler Heat Ex- 

. One of many Mojonnier Tubular Heat 
Mojonnier Tubular Heat Exchanger being Powdered wsed fer continuous 
* Exchangers in use heating fresh milk 
ond Gr att westing of 7, Cream from 40° to 85° F. ahead of Milk dryer. One unit can be cleaned 


cream in country plant. 
P separator. while other is operating. 


Conseyors Tubular Evaporator 
e Case Can) tSungie 


Storage Tanks Doubie Ettect) 
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DAIRY-MAID @ 
Water 
Heater 


If you are looking for a bargain—not in 
— but in years of low cost convenient 

ot water for your milkhouse... this New 
SURGE Dairy-Maid is the Heater forYOU! 


You can buy heaters for less money—but, 
we put 15 gallon — tanks in the Dairy- 
Maid; we insulated with 4 to 5 inches of 
glass wool; we used stainless steel for res- 
ervoir, lid, legs, and top... we took the 
design of a heater that is still doing a job 
after 8 years of rugged use and improved 
On it... to offer you a heater that will not 
only work, but LAST. 


‘Call your Surge Service Dealer and let him 
SHOW you why the New Dairy- Maid is 
WORTH more...or mail in the coupon 
below for further details. 


BABSON BROS. CO. 


2843 W. 19th St., CHICAGO 


Copyright 1948 by Babson Bros. Co. 
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: Babson Bros. Co., 2843 W. 19th St., Dept. 8086 
Chicago 23, Illinois, U.S.A. 
' Please send me Catalog pages on *he New Surge 
1 Dairy-Maid Water Heater andWash Tank Combina- 
tion. 
Town R.F.D. an * 
I State SYRACUSE TORONTO e MINNEAPOLIS e SEATTLE 
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Field and Laboratory 


Cleans Milking Equipment Cleaner 


Eliminates ‘Milkstone! 


MOST EXTENSIVE EXPERIMENT OF ITS TYPE 
IN THE HISTORY OF THE DAIRY INDUSTRY! 


STUDY just released by a leading in- 

dependent laboratory proves that high 
bacteria counts caused by inadequate clean- 
ing methods can easily be reduced. By 
cleaning milking equipment more thoroughly 
and eliminating milkstone, Vel, a neutral 
monoglyceride detergent, drastically reduces 
total and thermoduric counts. 


FREE 


Full account 
of VEL 
experiment 


Write Vel, Dept. N.J. 
Ask for a copy of the 38-page report, ‘“Wetting- 
Agent Cleaning of Milkin ai and its Effect 
on Total and rmoduric Levels of Night and Morn- 

Milk,” by the New Jersey Dairy Laboratories. 


For this experiment, the laboratory se- 
lected a group of shippers whose consistently 
high bacteria counts were the result of poor 
milk-handling techniques. These techniques 
were corrected and standardized so that the 
only variable in the milk-handling routine 
was the way in which the milking equipment 
was cleaned. Half the shippers cleaned with 
Vel. The other half cleaned their milking 
equipment by any method they preferred 


- except with Vel and the VELocity method. 


VEL AND ONLY VEL 
OFFERS THIS PROOF! 


As shown on the chart (above right), the re- 
sults of this experiment prove the efficiency 
of Vel in reducing bacteria counts. On the 
farms where ordinary cleaning methods were 
used, the bacteria counts remained high. 
Where Vel was used, the bacteria counts, in 
every case, were reduced drastically from 
their former high level. Vel is not a bacteri- 
cide, but is a wetting agent of the type rec- 
ommended by many agricultural schools, 
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*VEL is the trade-mark of the 
t Colgate-Palmolive-Peet Co., 
Jersey City 2, N. J. 


... And VEL cleans 
so much faster...easier! 


Vel is so much faster and easier to use that now, for 
the first time, it is easy for busy farmers to keep their 
milking equipment really clean, and improve the 
quality of their milk. 

Vel flushes out the milk fat and milk slime; so 
brushing is cut to the minimum. In less time, with 
less work... Vel gets milking machines, separators, 
pails, cans, strainers, and churns cleaner than they’ve 
probably been since they were new. 


COLGATE 


| 
high when Hunts Were dangerous, | 
When Shipper. Cleaney vepPed Vel 
IN AMY 
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Animal industry Divisio” 
PHARMACEUTICAL come 


Complete — stable —sterile—saves you time and trouble! 


The new Ortho Semen Diluter saves the 
artificial inseminator much time and effort 
—because it is always ready for imme- 
diate use. It eliminates the tedious task of 
mixing your own diluter for bull semen. 
There are other advantages of Ortho 
Semen Diluter: 
1. It is a complete diluter—requires 
no further additions. 
2. Itis stable—easy to store and handle. 
3. It is sterile—ready to use in field or 
laboratory. 
4. It is sanitary—eliminates danger of 
contamination. 
5. Itis uniform—gives uniform results. 


Field tests by several artificial breeding 
rings have established the effectiveness 
of Ortho Semen Diluter. Conception 
rates were increased as high as 20%, 
with 5 to 10% the rule. 


Increase the efficiency of your operations 
with Ortho Semen Diluter. 250cc bottle 
costs only $5.00—10cc vials $6.00 a doz. 
Order today, direct from address below. 


Free Folder ! Get complete details on 
this new and revolutionary product. Send 
for free folder on Ortho Semen Diluter. 
Write card or letter today! 


Copyright 1948, Ortho Pharmaceutical Corp. 


ORTHO PHARMACEUTICAL CORPORATION 


Animal Industry Division, Dept. DS-10 


Raritan, New Jersey 


Your advettisement is being read in every State and in 25 Foreign Countries 
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Retempered, retested —ready for precise dairy tests 


Kimble Dairy Glassware 


matches the quality standards of a great industry 


e Outstanding quality and “as- 
sured accuracy” have established 
Kimble Glassware as the recog- 
nized standard of the dairy in- 
dustry — for test, analysis and 
control. 

Kimble Dairy Glassware meets 
all Federal and State require- 
ments...passes the most rigid tests 


KIMBLE GLASS Totepo 1,0H100 @% 


for accuracy and serviceability. 


Every piece of Kimble tubing 
is produced to close tolerances 
on precision automatic machines. 
Every finished Kimble piece is 
retempered to give it extra tough- 
ness. Calibrated ware is marked 
with fused-in glass...then retested 
before shipment. 


Division of Owens-Illinois Glass Company 


The Kimble Manual on Dairy 
Testing, 3rd Edition, is still avail- 
able. It is an authoritative digest 
of the latest dairy test practice. 
We'll be glad to send you a copy. 

Kimble Dairy Glassware is dis- 
tributed by leading dairy supply 
houses throughout the United 
States and Canada. 


Look for the Kimble “K", the visible guarantee of invisible quality 


Your advertisement is being read in every State and in 25 Foreign Countries 
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OVL-KOIL’s 
Progressive 
Leadership Gives 
the Already 
Efficient, Versatile 
COIL VAT 
the Improvements 
You Asked For! 


You Wanted... 


POSITIVE SANITATION 
OvI-Koil’s got it! New, exclusive Sanitary Seal 
and no center board construction provides posi- 
tive sanitary control. 


SPEED IN HEATING AND COOLING 
OvI-Koil’s got it! Oval coil design gives the 
equivalent of 10% extra coil length without 
sacrificing space between loops. Faster pasteur- 
ization! Better agitation—less splash and foam. 


SILENT OPERATION 


OvI-Koil’s got it! Finest transmission ever used 
on a coil vat! Spiral bevel gears-in-oil and 
V-belt drive . . . quiet, efficient. 


The Amazing Sanitary Seal 


EASE AND SPEED IN CLEANING 


OvI-Koil’s got it! Oval coil shape takes much 
less time to clean and service. 


STREAMLINED APPEARANCE 


OvI-Koil’s got it! Handsome modern design— 
completely enclosed drive housing—encourages 
employees to be sanitation conscious. They're 
proud of this equipment and maintain it better. 


DEPENDABLE, LONGER LIFE 


OvI-Koil’s got it! Precision construction, finest 
materials, nothing skimped—hundreds of en- 
thusiastic users testify to OvI-Koil’s trouble-free 
operation! 


Take advantage of OVL-KOIL's 16th DAIRY INDUSTRIES EXPOSITION 


Leadership in Better Coil Vat Design! Atlantic City—October 25-30 
Write for FREE catalog today! Visit our Booth —No. 224. We'll be glad to see youl 


Minneapolis 14, Minnesota 


« THE VISION, THE COURAGE 
| 
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BETTER VANILLA 
BEGINS HERE 


in Michael’s 
Experimental 
Plantation 


Near the little Spanish town of Mayaguez stands Michael’s “vanillery,” 
where carefully placed vanilla vines, on support-trees, are 
cultivated with tender care. Close by is the U. S. Experimental 
Station, under a joint long-term research agreement with 
David Michael & Co., to the end that better vanilla, greater yield, 
and lower costs may be shared, in turn, with you, the 

manufacturer of ice cream. Look to Michael’s Mixevan for the foremost 

in research, for the finest in vanilla flavoring. 


M H A E L Mixevan —“ America’s Flavorite” 


and other powdered vanilla products 


MIXEVAN DAVID MICHAEL CO. 


INCORPORATE 
half a century in the flavoring field 


3743 63 D St. Philadelphia 24, Pa. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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RESEARCH AT WORK - NO. 4 
‘This is the fourth in a series of announcements covering the 

’ Research Program being carried on by the Jersey breed. It 

describes the second of four projects involving co-operative 

agreements with each of four State Agricultural Colleges. 
1 


A Study of Inheritance and Transmission of 
Certain Body Characters 


Kansas State College Co-operating 


Our breed has made a grant to Kansas State College for use in a 
project toward “Improvement of Dairy Cattle Through Breeding”. This 
project has as its ultimate objectives: 

1. Determining the mode of inheritance of certain physical char- 
acteristics. 


2. Procurement of information as to relationship between certain 
physical characteristics and productive ability. 


improved conformation. 


dersey Cul Club 
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3. Dissemination of information on selecting and breeding for 
Columbus 15, Ohio 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE EFFECT OF PYRIDIUM, PENICILLIN, FURACIN, AND 
PHENOXETHOL UPON THE LIVABILITY OF SPERMATOZOA 
AND UPON THE CONTROL OF BACTERIA IN DILUTED 
BULL SEMEN’? 


R. H. FOOTE anp G. W. SALISBURY3 


Laboratory of Animal Breeding and Artificial Insemination, Department of 
Animal Husbandry, Cornell University, Ithaca, New York 


The same types of organisms associated with vaginal infections and 
abortion in cows sometimes are found in the semen of bulls. A majority 
of the sulfonamides tested on semen samples (7) markedly reduced bacterial 
growth at levels which also increased the livability of the spermatozoa. 
Whether or not this improvement in spermatozoan livability which ae- 
companied bacteriological control was a phenomenon distinctly associated 
with the sulfonamide compounds was not established. 

The bacteriostatic and/or bactericidal effects of pyridium (8), penicillin 
(2), furacin (4, 5), and phenoxethol (3, 9) have been demonstrated on a 
wide variety of organisms. Almquist et al. (1) reported that penicillin 
controlled bacterial growth in diluted bull semen at levels which had no 
significant effect on livability or fertility. Phillips and Lardy (11) noted 
that ‘‘certain antibiotics, including penicillin, were not harmful to sperm 
motility’’. So far as is known to the authors, no studies have been reported 
on the effects of adding pyridium, furacin, and phenoxethol to diluted bull 
semen. The present paper is a report of the comparative effect of pyridium, 
furacin, phenoxethol, two penicillins, and sulfanilamide on bacterial growth 
and spermatozoan livability. 

EXPERIMENTAL 


The design and methods used in conducting the experiments reported 
in this paper were the same as those described previously (7). Solutions 


Received for publication February 18, 1948. 

1The data published in this paper have been taken from a thesis presented by the 
senior author to the Graduate School, Cornell University, in partial fulfillment of the 
requirements for the degree of Master of Science in Agriculture, 1947. 

2 The authors are indebted to Merck and Company, Ine., for the pyridium; to the 
Eaton Laboratories, Ine., of the Norwich Pharmaceutical Company for the furacin; to 
the Heyden Chemical Corporation for one of the commercial penicillins, and to A. H. 
Allard for technical assistance in these experiments. 

3 Now at the University of Illinois. 
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of pyridium, furacin, and phenoxethol were prepared in the same manner 
as were the sulfonamide solutions(7). Since penicillin comes in sterile 
vials and is unstable to heat, varying concentrations of penicillin solutions 
were prepared aseptically just prior to use in each experiment. 

Eighteen first ejaculates, 13 second ejaculates, and 2 third ejaculates 
were used in the experiment. These had an average initial motility of 66 
per cent motile spermatozoa which were moving at an average rate of 3..2, 
where 4.0 is considered maximum. The mean concentration was 1,180,000 
spermatozoa per mm.*, and the mean methylene blue reduction time was 
6.7 minutes. 

Pyridium. The azo dye, pyridium, was soluble only to the extent of 
about 5 mg. per 100 ml. of citrate diluent. Apparently as a consequence 
of the low concentration, pyridium had very little effect on the livability of 
the spermatozoa or on the control of bacterial growth. 

Five milligrams per 100 ml. of pyridium added to five semen samples 
stored in citrate diluent at 37.5° C. and eight semen samples stored in 
citrate-phosphate diluent at 20° C. had no observable effect, either beneficial 
or harmful, on the livability of the spermatozoa and failed to reduce 
bacterial growth as compared to the untreated controls. 

Sulfanilamide, the positive control, was significantly superior statistic- 
ally in maintaining livability of the spermatozoa. Also, it was highly 
effective in inhibiting bacterial growth. 

Penicillin. Two commercial penicillins, A and B, each were added to 
four separate ejaculates stored at 20° C. in citrate-phosphate diluent at the 
rates of 0, 63, 125, 250, 375, and 500 Oxford Units of penicillin per ml. of 
diluted semen. All additions of penicillin A were toxic to the spermatozoa, 
whereas additions of penicillin B were not. Both penicillins were equally 
effective in reducing bacterial growth and were more effective than the 
306 mg. per 100 ml. of sulfanilamide in this respect. 

A subsequent experiment was conducted in yolk-citrate diluent at 5° C. 
By adding penicillin at the rate of 200, 400, 600 and 800 Oxford Units per 
ml. of diluted semen, penicillin A again was found to be toxic to the 
spermatozoa and penicillin B was not. The results are shown in table 1. 
As in the previous report (7), the mean motility values shown in the table 
were calculated from the individual observations made at specified intervals 
until the spermatozoa in a majority of the treatments were dead. 

In maintaining the motility of the spermatozoa, sulfanilamide was 
found to be significantly superior, statistically, to all levels of penicillin 
tested. Where the treatments were not toxic, only sulfanilamide slowed 
the rate of motility. Whether commercial penicillin A was composed 
chiefly of a penicillin different from commercial penicillin B or whether it 
contained a substance which was toxic to the spermatozoa (12) was not 
determined. 
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In the ten samples used for the motility estimation, a study of bacterial 
growth after 4 and 8 days of storage revealed that bacterial contamination 
was small in all treatments. Neither the sulfanilamide nor the two 
penicillins were particularly effective in controlling the organisms which 
survived at 5° C. Countable plates were obtained from five of the seven 
ejaculates treated with penicillin B, the results of which are included in 
table 1. Similar results were recorded for penicillin A. 

Furacin. It quickly was established that large quantities of furacin 
added to spermatozoa stored in the citrate-phosphate buffer at 29° C. weré 
deleterious to the spermatozoa. Lower levels of furacin were studied on 
the semen obtained from four different bulls. At the four lowest levels 


TABLE 1 


The effect of additions of penicillin A and B to yolk-citrate upon the livability of 
spermatozoa and bacterial growth 


Controls Oxford units of penicillin/ml. 
No. of Storage 
Treatment ejaculates at 5° C, |SA#300 0 200 400 600 800 
mg. % 
(days) 

% motile spermatozoa 
Penicillin A 3 16 37.5 35.0 31.0 27.6 21.5 15.2 
Penicillin B 7 16 42.4 39.4 40.0 39.4 39.1 36.3 

Rate of motility 

Penicillin A 3 16 1.5 1.6 i2 0.9 0.7 0.4 
Penicillin B 7 16 1.4 1.6 1.5 1.5 1.6 1.5 

Bacterial count per ml. 
Penicillin A 5 f 18,500 27,000 19,000 14,000 17,500 10,000 
Penicillin B 5 8 14,000 25,000 16,000 11,500 13,000 10,000 


a SA = Sulfanilamide. 


of furacin studied (0, 0.5, 1.0 and 2.0 mg. per 100 ml. of diluent), the mean 
motilities for the experiment were 42, 41, 34 and 27 per cent, respectively, 
the last two means being significantly different, statistically, from the first 
two means. Therefore, furacin was considered to be spermicidal. 

Furacin proved to be an effective bacterial antagonist at the higher 
concentrations, but levels which were not harmful to livability of the 
spermatozoa were only moderately effective in controlling bacterial growth. 
When furacin was added to two ejaculates at the rate of 0, 0.5, 1.0, 2.0, 
5.0 and 10.0 mg. per 100 ml. of diluent, the average plate count after 72 
hours of storage was 81,000,000, 24,800,000, 2,760,000, 106,000, 7,000 and 
650 organisms per ml., respectively. The two controls containing 300 mg. 
per cent of sulfanilamide averaged 2,670,000 organisms per ml. of diluted 
semen. 
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TABLE 2 


The effect of adding phenoxethol to citrate-phosphate diluent at 20° C. upon 
livability of spermatozoa and bacterial growth 
(Mean of 3 ejaculates) 


Cone. : Rate of Bacterial 
Agent (%) % motile motility Count/ml.a 
Phenoxethol 0 52.0 2.6 44,000 
0.125 20.0 0.6 8,000 
0.25 0.0 0.0 2,000 
0.50 0.0 0.0 1,500 
1.00 0.0 0.0 900 
2.00 0.0 0.0 100 
Sulfanilamide 300 mg.% 53.3 2.2 22,000 


a Platings made after 24 hr. 


Phenozethol. None of the compounds previously mentioned exerted any 
marked bacteriostatic effect on Pseudomonas pyocyaneus. The reports in 
the literature (3, 9) that phenoxethol was effective against this organism 
were substantiated in this laboratory using a pure culture of pseudomonas 
organisms isclated from a sample of semen. 

Varying concentrations of phenoxethol were added to three semen 
samples and were found to be highly spermicidal. In the same study, after 
24 hours of storage, subsamples were taken for plating. The data are 
presented in table 2. While all levels of phenoxethol tested partially 
inhibited bacterial growth. Pseudomonas pyocyaneus continued to thrive 
at the 0.125 and 0.25 per cent levels of this drug. 

Numbers of bacteria present in fresh semen. Throughout the course of 
these studies sufficient data were accumulated to make possible a com- 
parative study of the numbers of bacteria present in the first and second 
ejaculates collected within a few minutes of each other. The data for 47 
such comparisons are summarized in table 3. 


TABLE 3 


A comparison of the number of organisms found in first and second ejaculates 
collected from bulls of high and low fertility 


Range of bacteria i in | thousands per mil. 


for} a 
QQ aS No. of ejaculates ix in each group 
NYABCs 1st 2 4 3 3 6 4 2 0 ‘Ib 0 Jb 
2nd 4 3 3 6 4 4 0 jb jb 0 0 
Vitamin A 1st 1 0 0 0 0 4 3 7 4 2 0 
deficient 2nd 1 0 0 0 1 3 9 4 3 0 0 


a NYABC = Ni ew York Artificial Breeders Cooperative, Ine. 
> Bulls of low fertility. 
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Twenty-four of the 26 bulls used by the New York Artificial Breeders 
Cooperative, Inc., were highly fertile during the period in which the 
collections were made. The other two bulls were disposed of shortly there- 
after because of their low fertility records. The vitamin A-deficient bulls, 
from which 21 paired ejaculates were collected, were not used for breeding 
purposes. However, they were believed to be of relatively low fertility. 
These results are in agreement with Gunsalus et al. (10), who found more 
bacteria in the first than in subsequent ejaculates. Futhermore, the semen 
from bulls of known high fertility contained fewer organisms than semen 
from the other bulls studied. 

DISCUSSION 


The data presented in this paper show that a number of compounds, 
chemically unrelated to the sulfonamides, effectively controlled bacterial 
growth. With the exception of penicillin, it was impossible to establish 
drug levels which were consistent with bacterial control and at the same 
time were not detrimental to the spermatozoa. This is in rather sharp 
contrast with the previous report (7) in which nine out of 12 sulfonamides 
in bacteriostatic or bactericidal concentrations exerted a favorable influence 
upon the livability of the sperm cells. This favorable influence appears 
to be associated with the ‘‘slowing down’’ of the spermatozoa noted when 
certain sulfonamides were present in the diluent. These phenomena were 
not observed when the compounds reported herein were added to the 
different diluents. 

Penicillin, while exerting no apparent beneficial effect on the sperma- 
tozoa, was slightly superior to sulfanilamide in controlling bacterial growth. 
However, the decided differences in toxicity observed between the two 
penicillins studied present a practical problem should it become desirable 
to take advantage of the bactericidal properties of penicillin. The use of 
synthetic penicillins (6) which recently have become available offers a 
possible approach to the problem. 


SUMMARY AND CONCLUSIONS 


1. The possible usefulness of pyridium was limited by its low solubility. 
Maximum attainable concentrations produced no noticeable effects on 
spermatozoan livability or on bacterial growth. 

2. Two commercial penicillins were equally effective in controlling 
bacterial growth and were slightly superior to sulfanilamide in this respect. 
Neither penicillin proved to be beneficial to the spermatozoa, and one in 
particular was toxic even when present in small amounts. 

3. Furacin and phenoxethol proved to be highly bactericidal, and at 
the same time were spermicidal at most of the levels tested. Organisms 
of the pseudomonas group, especially, were resistant to the lower concentra- 
tions studied. 
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4. Throughout these experiments only sulfanilamide, the positive con- 


trol, 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


(8) 
(9) 
(10) 
(11) 


(12) 


actually improved the livability of the spermatozoa. 
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THE EFFECT OF SULFONAMIDES UPON THE LIVABILITY OF 
SPERMATOZOA AND UPON THE CONTROL OF BACTERIA 
IN DILUTED BULL SEMEN’ 


R. H. FOOTE anp G. W. SALISBURY? 


Laboratory of Animal Breeding and Artificial Insemination, Department of 
Animal Husbandry, Cornell University, Ithaca, New York 


The possible influence of bacteria on the results of metabolic studies’ 
and on the results of fertility in artificial insemination has been under 
investigation at this laboratory for some time. With the present trend of 
shipping the diluted semen over greater distances and inseminating animals 
after the diluted semen has undergone longer periods of storage, other 
factors, in addition to the original quality, may become increasingly 
important in maintaining high levels of fertility. One such factor is 
bacteriological control. 

In view of the fact (6) that sulfonamides, with proper variation of the 
factors influencing sulfonamide action, inhibit the metabolism of cells of 
nearly every variety, and that certain sulfonamides increased the livability 
(8, 12) and fertility (13) of bovine spermatozoa, several sulfonamides 
were selected for study. Furthermore, contrary to earlier findings (3, 7, 
10, 17), several investigators (5, 15, 18) reported that sulfonamides ad- 
ministered in human therapy did not impair the livability of the sperma- 
tozoa. Likewise in vivo and in vitro studies with rams (1) and rodents 
(4, 9, 11, 14) failed to demonstrate that the sulfonamides were deleterious 
to spermatogenesis or to the survival of the spermatozoa. Since levels of 
sulfonamides consistent with bacteriological control and optimum for the 
survival of the sperm cells had been ascertained for sulfanilamide only 
(8), it was logical that investigations were undertaken to study various 
sulfonamides in these respects. 


EXPERIMENTAL 


Materials and methods. Because of the large number of sulfonamides 
tested and the limited quantity of semen in each ejaculate, it was impossible 
to compare the sulfonamides with each other by adding all of them to the 
same series of ejaculates. Therefore, each experiment included a positive 
control containing sulfanilamide at the established optimum level of 300 mg. 
of sulfanilamide per 100 ml. of diluted semen (8), and a negative control 


Received for publication February 18, 1948. - 

1The data published in this paper have been taken from a thesis presented by the 
senior author to the Graduate School, Cornell University, in partial fulfillment of the 
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containing no sulfonamide. By means of these positive and negative con- 
trols it was possible to compare the relative effects of each treatment 
employed. 

Since length of life in storage was considered the best measure of the 
effect of each sulfonamide on livability of the spermatozoa, microscopic 
examinations to determine the percentage of motile spermatozoa and the 
rate of motility were made until the spermatozoa in a majority of the 
treatments were dead. The motility values recorded at each observation 
were used in calculating the mean motility values presented in the ac- 
companying tables. Tubes containing the stored samples were coded, and 
at the time of each microscopic examination they were randomized to 
prevent the introduction of bias on the part of the investigator due to 
knowledge of the treatment in the particular sample under observation. 

Three series of experiments were conducted. In the series I experiments, 
bacterial growth was measured by changes in optical density of the stored 
semen samples as described by Knodt and Salisbury (8) and by the plate 
count method. Thereafter, only the plate count method was used, for 
which veal infusion agar served as the culture medium. Plates were 
counted after 48 and 96 hours of incubation at 37.5° C. Only the total 
counts recorded at 96 hours are presented in this paper, inasmuch as 
colonies of the slow-growing diphtheroids frequently were too small to count 
at 48 hours. 

The sulfonamides, or sulfas as they sometimes are called, selected for 
use were sulfathiazole (ST), sulfapyridine (SP), sulfamerazine (SM), 
sulfaguanidine (SG), sulfaquinoxaline (SQX), sodium sulfadiazine 
(NaSD), sodium sulfathiazole (NaST), carboxysulfathiazole (Carb.ST), 
sodium sulfamerazine (NaSM), sodium sulfamethazine (NaSMT), N’- 
benzoylsulfanilamide (N'-BSA), sulfasuxidine (SS), and sulfanilamide 
(SA) as a control. 

All sulfonamide solutions were prepared by adding the desired quan- 
tities of each sulfonamide to the basic diluter used. These solutions then 
were autoclaved simultaneously at 15 lb. pressure for 20 minutes. 

The 23 first ejaculates, 11 second ejaculates, and 2 third ejaculates used 
had a mean initial motility of 66 per cent motile spermatozoa moving at a 
rate of 3.3, where 4.0 is considered maximum, a mean concentration of 
1,069,000 spermatozoa per mm.*, and a mean methylene blue reduction time 
of 6.9 minutes. 

RESULTS 

Series I. Semen diluted with citrate-sulfonamide diluter and stored 
at 37.5° C. In this series of experiments the basic diluter consisted of 
3.6 g. of sodium citrate dihydrate made up to 100 ml. of water distilled in 
glass. One part of fresh semen was added to nine parts of the citrate-sul- 
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fonamide diluter and. stored at 37.5° C. Six sulfonamides, at 0, 50, and 
100 per cent of the maximum solubility of each drug as established for this 
diluter, were studied initially. Motility and optical density observations 
were made at 0, 6, 12, 24, and 48 hours of storage, and subsamples were taken 
for bacterial counts at 24 and 48 hours of storage. 

After five ejaculates had been so treated, this study was terminated, for 
in nearly all cases most of the spermatozoa were dead after less than 12 
hours of storage. Because of the adverse effect at 37.5° C. of the diluting 
medium upon the livability of the spermatozoa, it was impossible to measure: 
any effect that the particular sulfonamides tested may have had on the 
livability of the spermatozoa. 

The optical density of the stored samples increased appreciably. How- 


TABLE 1 


Bacterial growth in diluted semen stored with different sulfonamides 
at 37.5° C. as measured by plate counts 
(Mean of 3 ejaculates) 


Plate counts (1,000’s/ml.) after 


Rank storage for: Rank 
Drag Cone. at 24 hr. —— at 48hr, 
24 hr. 48 hr. 
(mg. %) 
SA 300 1 252 18,300 2 
ST 200 2 401 13,000 1 
ST 100 3 9,170 26,200 3 
SA 150 4 10,300 68,500 5 
SM 90 5 20,200 64,000 4 
SG 90 6 34,400 144,000 8 
SQxXx 50 7 40,600 139,000 7 
SP 100 8 50,700 97,000 6 
SQX 25 9 66,800 178,000 9 
SG 45 10 72,800 323,000 12 
SM 45 ph! 80,100 197,000 10 
SP 50 12 102,000 221,000 11 
) 13 793,000 4,970,000 13 


ever, the formation of the sulfonamide crystals in several of the treatments 
as the acidity increased in the stored samples interfered with the measure- 
ment of optical density changes associated with bacterial growth. Con- 
sequently only bacterial growth as measured by the plate count method 
will be reported. These data are summarized in table 1. The drugs are 
ranked on the basis of the effectiveness with which each controlled bacterial 
growth. Sulfanilamide, as well as several other sulfonamides, exerted a 
pronounced bacteriostatic effect. As a rule, bacterial growth was inversely 
proportional to the amount of the sulfonamide present, irrespective of the 
particular one used. 

Series II. Semen diluted with citrate-phosphate-sulfonamide diluter 
and stored at 20° C. The poor livability encountered in the experiments 
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reported in series I was circumvented by reducing the temperature to 20° C. 
and by developing a more suitable diluter. The new diluter, C-P, consist- 
ing of 0.2 g. potassium dihydrogen phosphate, 0.29 g. anhydrous disodium 
phosphate, and 1.8 g. of sodium citrate dihydrate made up to 100 ml. water 
distilled in glass, was found to preserve the motility of spermatozoa for 
several days at 20° ©. The pH of this diluent, following autoclaving, was 


TABLE 2 


The effect of sulfonamide additions to C-P diluter upon the 
percentage of motile spermatozoa 


(Means for the entire experiment) 


% motile spermatozoa 


: : Levels of the drugs expressed as 
No.of Name of % of maximum solubility Controls 
8 each drug SA 
12.5 25 50 100 0 300 
mg. % 
(mg. %) 

3 ST 200 37.7 43.3 24.4 37.0 45.0 
5 27.4 33.2 Toxic 29.8 33.0 
8 ST 36.6 Toxie 33.7 35.8 
3 SP 100 37.7 32.0 27.7 37.0 45.0 
5 aoe Sa 29.0 23.6 Toxic 29.8 33.0 
8 SP tee 27.9 Toxic 33.7 35.8 
3 SM ae: 44.1 40.7 37.8 37.0 45.0 
5 32.0 28.7. N.T.a 29.8 33.0 
SM 32.1 33.7 35.8 
3 SG 90 es 44.7 40.7 37.8 37.0 45.0 
8 SG ae 34.2 N.Y. 33.7 35.8 
3 SQx 50 40.7 40.1 42.7 37.0 45.0 
5 SQX 29.7 31.4 N.Y. 29.8 33.0 
9 NaSD nr 34.4 34.6 31.2 30.8 33.3 
3 NaST 500 ee S72 13.4 9.1 23.1 22.3 
4 NaST 34.0 34.0 28.8 Toxic 37.5 37.8 
6 NaST " 24.9 Toxie Toxic 31.2 31.3 
t Carb.ST 600 28.8 31.8 27.1 20.5 27.3 27.0 
4 NaSM 29.8 26.8 Crystals 27.3 27.0 
5 NaSMT a 31.8 36.2 Crystals 30.6 28.8 
4 N1-BSA 500 bee 26.0 22.8 5.6 26.8 28.8 
t SS 600» 25.8 25.0 25.8 19.8 27.3 27.0 


aN.T.=not tested as previous tests indicated toxicity. 

> arbitrary maximum as these drugs were highly soluble. 

6.90 as compared to the autoclaved citrate used previously which had a pH 
of about 7.75. 

Motility observations were made on the semen samples at 8, 24 and 48 
hours, and every 24 hours of storage thereafter, until most of the sperma- 
tozoa were dead. Usually progressive movement was observed in the 
diluted semen samples for at least 6 days under these conditions. In other 
respects, these experiments were conducted in the same manner as were 
those in series I. 
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The percentage of motile spermatozoa and the rate of motility were 
observed on the stored ejaculates from 15 bulls. Since it was found that 
with two exceptions the relative rates of motility paralleled the relative 
percentages of motile spermatozoa, ‘‘rate’’ observations will be discussed 
only briefly. Means for the percentage of motile spermatozoa are shown 
in table 2. 

At the higher concentrations (100 per cent of maximum solubilities of 
each drug), all of the more soluble sulfonamides were toxic. When a 
particular level of a sulfa was established as toxic or at least not beneficial 
to the spermatozoa, lower concentrations of the drug were studied. These 


TABLE 3 


Bacterial growth in diluted semen stored with different sulfonamides 
at 20° C. as measured by plate counts 


(Mean of 4 ejaculates; platings made after 24 hr. of storage) 


Name of drug Drug cone. Rank (1,000's/'ml.) 
(mg. %) 
ST 100 368 
SA 300 2 52 
SA 150 3 99 
ST 50 + 163 
NaSD 500> 5 200 
NaSD 250b 6 252 
SP 50 7 300 
SP 25 8 309 
SM 45 9 313 
SM 22.5 10 334 
SQx 25 11 417 
12.5 12 547 
SG 45 13 570 
SG 22.5 14 1,637 
15 5,900 


aSome colonies hidden by spreading organisms. 

> Sulfa crystals observed. 
results are included in the table. Nine of the 12 drugs tested were superior 
to the negative controls in preserving the life of the spermatozoa, while 
three of the 12 drugs equaled or excelled sulfanilamide in this respect. 
Of these three—sodium sulfadiazine, sodium sulfamethazine, and carboxy- 
sulfathiazole—only the latter two were significantly superior to sulfanil- 
amide (significant, respectively, at the 5.0 and 1.0 per cent levels of 
probability). The apparent superiority of sodium sulfamethazine and 
earboxysulfathiazole over sulfanilamide may be due to the fact that for 
some unknown reason sulfanilamide in the control failed to benefit the 
spermatozoa. ; 

The additions of sulfanilamide consistently decreased the rate of move- 
ment of the spermatozoa. While the difference between the negative and 
positive controls was not great, it was significant statistically. N'-benzoyl- 
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sulfanilamide markedly reduced the rate of movement and almost com- 
pletely immobilized the spermatozoa long before they died. No particular 
pattern was established by the other sulfonamides. 

Plate counts were made on all semen samples stored for the motility 
observations, but several of the samples contained large numbers of 
spreading organisms which prevented accurate counting. The number of 
bacteria in the stored semen samples from which countable plates were 
obtained is reported in tables 3 and 4. As was expected, the organisms 


TABLE 4 


Bacterial growth in diluted semen stored with different sulfonamides 
at 20° C. as measured by plate counts 


(Mean of 2 ejaculates; platings made after 24 hr. of storage) 


Plate counts 


Name of drug Drug cone. Rank (1,000’s/ml.) 
(mg. %) 

N1-BSA 500 1 13 
SA 300 2 15 
NaST 250 3 20 
N1-BSA 250 4 31 
NaST 500 5 33 
Carb.ST 150 6 38 
N1-BSA 125 6 38 
NaST 125 8 40 
NaSMT 5008 9 46 
NaSMT 125 10 51 
NaSM 5008 11 58 
NaSM 250 12 64 
ss 300 13 81 
NaSMT 250 14 97 
Carb.ST 300 15 103 
NaSM 125 16 114 
Carb.ST 75 17 169 

3 75 18 176 
ss 150 19 255 
20 303 


a Sulfa crystals observed. 


multiplied rapidly at the storage temperature of 20° C. in the negative 
controls, although much less rapidly than at 37.5° C. Here again several 
sulfonamides markedly inhibited bacterial growth. Increasing the concen- 
trations of the sodium salts of several sulfonamides beyond the point where 
erystallization occurred did not increase materially the bacteriostatic effect 
of the drugs. In one experiment, 0.25, 0.50, 1.0, 2.0, 4.0, 6.0, and 8.9 g., 
respectively, of NaSD per 100 ml. were added to diluted semen. Additions 
beyond the saturation point (0.25 g.) did not increase the effectiveness with 
which bacteria were controlied. 

Series III. Semen diluted with yolk-citrate-sulfonamide diluter and 
stored at 5° C. Under routine conditions in artificial insemination, buffered 
egg yolk is used as the diluent, and the diluted semen is stored at 5° C. 
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Therefore, it was desirable to test, under these conditions, concentrations 
of the drugs which reduced bacterial growth and/or improved spermatozoan 
livability in the citrate-phosphate diluter at 20° C. Sulfathiazole, NaSD, 
NaSMT, and Carb.ST were shown to be equal or superior to sulfanilamide 
in at least one of these respects. 

To accommodate the four drugs tested at four different levels of each 
drug plus a positive and negative control for each drug, five semen samples 
were split into 24 equal subsamples. One part of semen was added to nine 
parts of diluter. Motility examinations were made every 2 days until a 
majority of the treatments showed no motile spermatozoa. The mean 


TABLE 5 


The effect of ST, NaSD, NaSMT, and Carb.ST upon the livability of 
spermatozoa in yolk-citrate stored at 5° C. 


(Mean of 5 ejaculates, and a total of 1200 observations) 


Controls 
Drug tested 
SA 300 
No sulfa mg. % 
mg. % in 
ST diluter 50 75 100 
% motile 
sperm. 36.4 35.3 33.9 30.6 35.0 37.6 
mg. % in 
NaSD % motile 
sperm. 33.7 32.4 33.0 31.9 35.8 37.3 
mg. % in 
diluter 100 150 200 eC eee. 
NaSMT % motile 
sperm. 33.1 33.4 29.9 26.9 35.6 38.0 
mg. % in 
diluter 50 100 150 200 
Carb.ST % motile 
sperm. 39.0 40.4 36.6 31.8 36.1 38.3 


motility for each of the treatments is presented in table 5. Appropriate 
statistical analyses revealed that the differences observed between the 
negative contro] and both carboxysulfathiazole and sulfanilamide were 
significant at the 5 per cent level of probability. 

More than 1,000 plate counts* were made after 4 and 8 days of storage 
to determine the number of organisms present in the diluted semen used 
for the motility observations. Most of the organisms in the five ejaculates 
studied did not live well at the storage temperature of 5° C. Consequently, 
little differentiation due to treatment was observed. At 4 days the counts 


3 By washing the eggs according to Bryant and Sharp (2), wearing sterilized rubber 
gloves, and using all sterilized equipment, it was possible to obtain the egg yolk used in 
the diluent free, or almost completely free, from bacteria. 
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ranged from 11,000 to 43,000 organisms per ml. and at 8 days from 13,800 
to 109,000 organisms per ml., with the low count being obtained from a 
semen sample to which sulfanilamide had been added and the high count 
from a sample to which no bacterial inhibitor had been added. Standard 
laboratory tests for the identification of Pseudomonas pyocyaneus showed 
a small percentage of pseudomonas organisms in the fresh semen of three 
out of the five ejaculates. After 4 and 8 days of storage, the pseudomonas 
organisms made up a large proportion of the total number of organisms 
present. 
DISCUSSION 


The experimental evidence presented in this paper demonstrates that 
all of the 12 sulfonamide preparations investigated were effective in reduc- 
ing the rate of bacterial growth. Plate counts made on diluted semen 
stored for 24 hours at 20 and at 37.5° C. showed that sulfanilamide, sulfa- 
thiazole, and some of the other sulfonamides generally prevented the bacte- 
rial population from increasing to more than about four times that at zero 
time. The bacterial population increased 800 times over the population at 
zero time in diluted semen containing no sulfonamide. 

At 5° C. and in the presence of egg yolk, none of the sulfonamides 
tested markedly decreased the growth of the organisms which were able to 
survive the storage temperature of 5° C. A majority of these surviving 
organisms were of the pseudomonas group. At the temperatures studied, 
the pseudomonas group was not inhibited markedly by levels of the sul- 
fonamides which were not harmful to the spermatozoa. 

The evidence presented shows that large doses of the sulfonamides may 
be toxic to the spermatozoa. However, with three exceptions, levels were 
established for each sulfonamide which improved the livability of the 
spermatozoa and, at the same time, were consistent with bacteriological 
eontrol. Even at 20° C., satisfactory motility of the spermatozoa was 
maintained for many days in the presence of several of the sulfonamides. 

While sulfanilamide fairly consistently increased the duration of 
motility, it consistently decreased the rate of motility. In view of the 
report of Knodt and Salisbury (8) that oxygen consumption by spermatozoa 
is depressed in the presence of sulfanilamide, this slowing down of the 
spermatozoa is believed to result from a depressing effect by sulfanilamide 
on cellular metabolism. 


SUMMARY AND CONCLUSIONS 


1. Twelve sulfonamides were added to bull semen diluted with citrate- 
phosphate and stored at 20° C. At the level of each drug determined to be 
optimum for spermatozoan survival, nine of the 12 drugs increased the 
livability of the spermatozoa over that observed when no sulfonamide was 
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added to the diluent. Of these nine, only two sulfonamides, sodium 
sulfamethazine and carboxysulfathiazole, were significantly superior to 
sulfanilamide in maintaining motility of the sperm cells, but they were 
inferior in controlling bacterial growth. Sulfanilmide slightly decreased 
the rate of motility, and N'-benzoylsulfanilamide exerted a similar but 
more pronounced effect. No consistent pattern was established by the 
other sulfonamides. 

2. At 20 and at 37.5° C. all of the sulfonamides were effective in 


reducing bacterial growth at levels which were not harmful to the sperma-- 


tozoa. Pseudomonas pyocyaneus was not inhibited at these levels. 

3. At 5° C. the sulfonamides were only slightly effective in controlling 
bacterial growth because the pseudomonas group of organisms predominated 
in the bacterial flora surviving at this temperature. 


The authors are indebted to Lederle Laboratories, Inc., of the American 
Cyanamid Company, for making available the sulfaguanidine, sulfa- 
suxidine, sulfamerazine, sodium sulfamerazine, sodium sulfamethazine, and 
carboxysulfathiazole; to the Stamford Research Laboratories of the 
American Cyanamid Company, for the N'-benzoylsulfanilamide; to Merck 
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BREEDING BEHAVIOR, SPERMATOGENESIS, AND SEMEN 
PRODUCTION OF MATURE DAIRY BULLS FED 
RATIONS LOW IN CAROTENE 


R. W. BRATTON, G. W. SALISBURY,1 T. TANABE,?2 C. BRANTON,3 
E. MERCIER,* ano J. K. LOOSLI 


Department of Animal Husbandry, Cornell University, Ithaca, New York 


The present emphasis on extending the use of the desirably proved dairy 
sire in artificial breeding has focused attention on the need for more in- 
formation concerning the nutrition of the mature sire, particularly with 
respect to the role of nutrition in semen production and fertility. In both, 
spermatogenesis is of primary concern. 

The importance of vitamin A and carotene in developing and maintain- 
ing the normal germinal epithelium and the breeding ability of young bulls 
has been demonstrated by Sutton et al. (14), Jones et al. (7), Hodgson et al. 
(6) and Erb et al. (4,5). Regeneration of the germinal epithelium follow- 
ing vitamin A and carotene therapy has been observed (4, 6). Similar 
studies with mature bulls have not been reported. 

Rougbages are the principal source of carotene for bulls of breeding age. 
If allowed pasture, mature bulls might be expected to build up body stores 
of vitamin A sufficient to carry them through periods of relatively low caro- 
tene intakes. On the other hand, the continued use of low-carotene rough- 
ages might deplete body stores to the extent that breeding ability and sper- 
matogenic activity would be impaired. This possibility raises the question 
as to how long mature bulls will continue to produce normal semen an<l 
remain free from clinical manifestations of vitamin A deficiency when fed 
a low-carotene ration of concentrates and poor quality roughage. An in- 
vestigation was undertaken in August, 1945, to measure the changes in 
semen production and to study the development of clinical manifestations 
of vitamin A deficiency in mature dairy bulls. 


EXPERIMENTAL PROCEDURE 


The experimental plan was to feed six relatively mature breeding bulls 
a low-carotene concentrate mixture along with poor quality roughage for 
a period of at least 1 year, unless serious clinical symptoms developed earlier. 
No deficiencies were apparent by the end of that period of time. There- 
fore, the roughage component of the ration was changed to dried beet pulp, 
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and three of the bulls were fed a supplement of carotene in oil, sufficient to 
furnish approximately 30 mg. of carotene per 100 lb. of body weight per 
day. The remaining three bulls received no supplement of carotene. The 
30-mg. level of carotene supplementation represented approximately 5.5 
times the level for maintenance of beef bulls of equivalent weight as recom- 
mended by the Committee on Animal Nutrition of the National Research 
Council (11). 

It was not possible at the beginning of the experiment in August, 1945, 
to secure six bulls that were over 5 years of age. However, semen had been 
collected from the two youngest bulis at irregular intervals for approxi- 
mately 1 year before the initiation of the experiment. The breed and age 
of the bulls at the beginning of the experiment were as follows: N, a Hol- 
stein, age 4 years, 7 months; C, a Brown Swiss, age 2 years, 10 months; 
J, a Guernsey, age 8 years, 6 months; M, a Guernsey, age 6 years, 4 months; 


TABLE 1 
Carotene content of the roughages fed 


Periods Kind of roughage Carotene content 
(mg. /1b.) 
1 to 6, inel. Hay 24 
7 to 10, inel. Hay 1.27 
11 Hay 1.70 
12 Wheat straw 1.70 
13 Wheat and oat straw 0.56 
14 to 16, inel. Oat straw 1.80 
17 to 21, inel. Dried beet pulp ———_lan. a 


* Not analyzed; assumed to have no carotene or vitamin A potency. 


K, a Guernsey, age 8 years, 7 months; 7, a Guernsey, age 2 years, 9 months. 

The feed allowance for individual bulls was established on the basis of 
their individual initial body weights, their appetites and their general 
tendency to lose or gain in body weight. Changes in the feeding schedule 
were infrequent. Roughage feeding was scheduled to supply approxi- 
mately 60 per cent of the T.D.N. and the concentrate mixture the remain- 
ing 40 per cent. 

The concentrate mixture fed consisted of 40 lb. of ground oats, 10 lb. of 
ground barley, 12 lb. of ground wheat, 17 lb. of wheat bran, 8 Ib. of soybean 
oil meal, 4 Ib. of linseed oil meal, 7 Ib. of cane molasses, 1 lb. of steamed bone 
meal and 1 lb. of common salt. This mixture analyzed 0.22 mg. of carotene 
per pound. The calculated digestible protein content was 13.8 per cent 
and the T.D.N. content 71.8 per cent. 

The carotene content of the roughages fed and the daily feed intakes of 
the bulls are shown in tables 1 and 2, respectively. 

The response criteria and the methods for their measurement were as 
follows: 
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Body weights. In addition to initial and final weights on each bull, 
monthly average weights were secured representing one, two or three daily 
weights, all of which were taken within a 7-day interval, usually at the 
beginning of the monthly period. 

Blood plasma carotene and vitamin A. The carotene and vitamin A 
content of blood plasma from each bull was determined by the procedure of 
Kimble (8) on samples obtained on 3 successive days each month. 

Semen production. From each bull two ejaculates were collected at 10- 
day intervals by means of an artificial vagina. The volume of semen per 
ejaculate, per cent motile spermatozoa, total spermatozoa per milliliter of 
semen and the per cent abnormal spermatozoa in each ejaculate were meas- 

_ured according to the standard procedures of this laboratory (10, 13, 15). 


TABLE 2 
Daily feed intakes of the bulls by periods 


lb. per day fed each bull 


Periods Kind of feed Bull Bull Bull Bull Bull Bull 
N Cc J M K I 
1 to 7, inel. Concentrates 8 8 8 8 8 8 
Hay 18 18 18 18 18 12 
8 to 16, inel. Concentrates 8 8 8 rf 8 8 
Hay or straw 18 18 18 14 18 12 
17 to 21, inel, Concentrates 8.4 8.2 6.2 6.28 7.2 6.2 
Dried beet pulp 12.4 12.0 9.2 9.2 10.8 9.2 
Carotene> (mg.) (576) (0) (404) (0) (476) (0) 


«During period 21, the scheduled amounts for bull M were reduced one-half. 
» Carotene in oil, analyzing 35,371y per g. of oil, was fed daily to furnish the intakes 
indicated. Values in parentheses are mg. per bull per day. 


Clinical manifestations of vitamin A deficiency. The time intervals, in 
days, between the beginning of the feeding of the dried beet pulp, with and 
without the carotene-in-oil supplement, and the onset of night blindness, 
papillary edema, incoordination, edema of the extremities, loss of libido and 
breeding ability were noted. 

Histological examination of testes. Testis tissue, obtained at the time 
the bulls were slaughtered, was fixed in Allen’s PFA, fluid (modified 
Bowin’s) (9), within 30 to 40 minutes after death. Microscopic examina- 
tion of the seminiferous tubules for the extent of degeneration of the ger- 
minal epithelium was made on 7- sections which had been stained with an 
iodine-ripened hematoxylin (2) and counterstained with eosin. 

Liver carotene and vitamin A. The whole livers were removed at death, 
stored at 40° F. and ground and sampled within 12 hours after death. A 
10- to 25-g. composite sample was used for the extraction and determination 
of carotene and vitamin A according to the method of Davies (3). 
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Feed analyses. Chemical analyses of samples of the concentrates and 
roughages fed were made according to the methods of the A.O.A.C. (1). 
Carotene in the feeds as fed was estimated by the method of Nelson et al. 
(12). 

The carotene content of the ‘‘carotene in oil’? was determined colori- 
metrically by dissolving the oil in petroleum ether and measuring the den- 
sity of the yellow color in a Lumitron colorimeter with a 440 mzy filter, the 
colorimeter previously having been standardized against pure £-carotene. 

Analysis of data. In order to summarize the voluminous observations 
made during the experiment, the data were consolidated into twenty-one 
30-day periods, each period representing three 10-day semen collection 
intervals. Within each of the 30-day periods, the observations made of 
each of the following ecriteria—body weights, blood plasma carotene and 
vitamin A, volume of semen per ejaculate, per cent motile spermatozoa. 
total spermatozoa per milliliter of semen and per cent abnormal spermatozoa 
per ejaculate—were summed and the average obtained. These averages 
then were considered as single observations in all subsequent analyses of the 
data. All semen data averages were based on the combined first and second 
ejaculates. All bulls finished the first 16 periods but during the following 
5 periods one pair of bulls, K and J, was slaughtered because of the develop- 
ment of severe avitaminosis A by bull J. 


RESULTS AND DISCUSSION 


The 30-day period averages for body weight, estimated daily intakes of 
carotene, and plasma carotene and vitamin A of each bull are presented in 
tables 3 and 4. During the first 16 periods (480 days), the bulls generally 
increased in body weight (table 3). During the final 5 periods (150 days) 
two of the bulls, M and J, which were not receiving the carotene supplement, 
showed slight losses in body weight with the onset of avitaminosis A. In 
contrast, bull C gained in weight during these latter periods. 

In table 4 the plasma carotene and vitamin A values reveal some ap- 
parent deviations from a smooth curve, but, in general, these variations 
can be explained by the carotene intakes. The plasma vitamin A level was 
low (2 to 3 y per 100 ml. plasma) for bulls C and M before pronounced 
deficiency symptoms were evident. 

The averages for each bull, by 30-day periods, for the criteria of semen 
production and spermatozoan characteristics are shown in tables 5 and 6. 
No consistent changes in relative semen volume were demonstrated during 
the first 16 months of the experiment (table 5). The per cent of motile 
spermatozoa (table 6) showed marked decreases for bulls C and J during the 
11th, 12th, and 13th periods. These decreases in motility were accompanied 
by equally marked increases in the per cent of abnormal spermatozoa (table 
5). These concurrent changes suggest that both bulls may have been ap- 
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proaching a deficiency state. In the case of bull I, the average number of 
spermatozoa per milliliter of semen (table 5) decreased during these same 
periods. 

During the last 5 months, when bulls C, M and I were on the beet pulp 
and low-carotene concentrate mixture without the carotene supplement, 
semen volume again was characterized by considerable variation without a 
definite trend accompanying the low plasma vitamin A values and the onset 
of clinical symptoms. At the same time, the per cent of motile spermatozoa 
decreased and the per cent of abnormal spermatozoa increased as these bulls 
developed ‘advanced vitamin A deficiency (table 6). 

The concentration of spermatozoa per milliliter of semen for the com- 
bined first and second ejaculates varied considerably up to the time the last 
samples were collected. Of those bulls receiving no carotene supplement. 
bull J exhibited an increase in spermatozoan concentration while bulls C and 
M exhibited decreases in concentration just prior to the time they were 
unable to mount. 

The bulls receiving the carotene supplement exhibited sufficient variation 
in the several semen and spermatozoan characteristics that no particular im- 
provement was attributed to the increased carotene intake. 

Figure 1 shows photomicrographs of histological sections of the semi- 
niferous tubules of the right testis of each bull. These photomicrographs 
are by pairs of bulls and show the contrasting conditions of the tubules ac- 
companying the presence and absence of supplemental carotene in the basal 
ration. Bull C exhibited the most advanced degeneration of the germinal 
epithelium, followed by bull J and bull M in order. All exhibited a similar 
pattern of degeneration, namely, few spermatogonia, relatively small num- 
bers of spermatocytes and immature spermatids. The seminiferous tubules 
of the bulls receiving the carotene supplement apparently were normal, with 
the exception of bull K, and showed numerous dividing spermatogonia, 
spermatocytes, maturing spermatids, and many spermatozoa in the lumen 
of the tubules. 

It should be pointed out that the testes sections of bull K showed ocea- 
sional tubules which were characterized by almost complete degeneration of 
the germinal epithelium and the absence of spermatids and spermatozoa in 
the lumen. Whether or not these represented unrepaired tubules arising 
from the feeding regime prior to the carotene supplementation is, in the 
absence of biopsy data, mere speculation. 

Table 7 presents for comparison the observations on the onset of the 
clinical symptoms in terms of days after the change in roughage from hay 
and straw to beet pulp for those bulls not receiving the carotene supple- 
ment. Considerable variation occurred between bulls in the rapidity with 
which they developed incoordination, edema of the extremities and night 
blindness. This variation, undoubtedly, was a reflection of their respective 
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Fie. 1. Photomicrographs of seminiferous tubules of the right testis of each bull 
at time of slaughter. (x 100.) a, ¢ and e—bulls N, K and J after 151, 73 and 151 days, 
respectively, on the ration supplemented with carotene. b, d and f—bulls C, J and M 
after 151, 73 and 151 days, respectively, on the ration unsupplemented with carotene. 
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TABLE 7 


Number of days bulls were fed deficient ration before onset of first 
clinical symptoms of vitamin A deficiency 


Marked 
Of Unable Extreme Of Night 
Bull feed to incoor- ness in blind- 
dination mount dination legs 4 
: ankles 
C 90 140 140 130-140 150 150¢ 
M 384 120 150 150¢ 
I 38 40 50-60 70 60 (ee: £ 


a All bulls on the unsupplemented ration showed varying degrees of characteristic 
bleaching of the tapetum lucidum. 

» Bull C was never off feed. 

¢ Hemorrhagic areas about the papilla of right eye. 

4 Bull M was off and on feed several times during the course of the feeding of the 
deficient diet. Scouring was also a frequent accompaniment of his erratic appetite. 

e Bull M was sufficiently incoordinated that he undoubtedly would not have been able 
to mount in another 10 days. 

‘ Condition not in evidence at completion of experiment. 

% It was questionable whether this bull was actually night blind. 


body stores of carotene and vitamin A and their rates of depletion on the 
experimental rations employed. 

In general, it would appear that incoordination and loss of the ability 
to mount, without the loss of libido, are the earliest signs of vitamin A defi- 
ciency in mature breeding bulls and occur before any marked impairment 
in semen production is manifested. 

The liver stores of carotene and vitamin A at the time of slaughter are 
shown in table 8. The values reflect clearly the rations fed and the breeds 
used. 

From the evidence of this investigation and the reports of others, the 


TABLE 8 


Carotene and vitamin A content of the fresh livers at the time 
of completion of experiment for individual bulls 


No. of 
y per g. fresh liver 
Bull Breed change of ration —--—— = 
and date of 
slaughter Carotene Vitamin A 


Ration: Dried beet pulp, low carotene concentrate mixture, plus daily 
supplement of carotene-in-oil 


N Holstien 151 438 778 
J Guernsey 151 1335 273 
K Guernsey 73 : 873 73 

Ration: Dried beet pulp and low-carotene concentrate mixture 
Cc Brown Swiss 151 28 12 
M Guernsey 151 48 13 
I Guernsey 73 47 5 
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authors believe that, while typical clinical manifestations of vitamin A defi- 
ciency and degeneration of the germinal epithelium can be produced in 
mature dairy bulls, the feeding of poor quality dry roughages, presumably 
low in carotene, for extended periods of time will not likely cause noticeable 
impairment of semen production before the onset of the clinical manifesta- 
tions of A deficiency. 

SUMMARY AND CONCLUSIONS : 


Six dairy bulls were fed dry roughages low in carotene and a concentrate 
deficient in carotene and vitamin A for a period of 16 months without in- 
ducing clinical manifestations of vitamin A deficiency or noticeable im- 
pairment of semen production. 

Subsequent changes in the roughage component of the ration of three 
of the bulls from hay and/or straw to dried beet pulp plus the same concen- 
trate mixture resulted in the development of incoordination, edema of the 
extremities, papillary hemorrhage, a gradual increase in the per cent of 
abnormal spermatozoa and a decrease in the per cent of motile spermatozoa, 
but no consistent change in the number of spermatozoa per milliliter of 
semen within a period of 40 to 120 days. These three bulls were unable to 
mount but still retained an unusual amount of libido. This inability to 
mount was manifested before the changes in semen production. 

Typical patterns of degeneration of the germinal epithelium of the semi- 
niferous tubules were found in the three bulls on the carotene-deficient 
rations. There were few spermatogonia, spermatocytes, spermatids or 
maturing spermatozoa in the lumen of the tubules. 

While supplementing the carotene-deficient ration of the other three 
bulls with carotene in oil prevented the degeneration of the germinal epi- 
thelium which characterized those bulls not receiving the supplement of 
carotene in oil, it produced no consistent changes in semen production which 
reasonably could be attributed to the carotene. 

Liver carotene and vitamin A levels of the carotene-deficient bulls were 
of the order of 30 to 50 y and 5 to 13 y per g. of fresh liver, respectively. 
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FURTHER STUDIES OF THE NUTRITIVE VALUE 
OF BUTTERFAT FRACTIONS’ 


H. NATH,2 V. H. BARKI, C. A. ELVEHJEM, anp E. B. HART 
Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison 


It was reported (4) that butterfat collected in September, 1945, was 
fractionated by crystallization from acetone at —4° C. and yielded two 
fractions; a liquid one (II) which promoted growth in rats at a superior 
rate as compared with butterfat or corn oil, and a solid one (I) which 
allowed a significantly inferior growth rate. This phenomenon was not 
observed to the same degree in later trials when samples of butter collected 
in subsequent months, including September, 1946, were used. Since the 
pasture of the summer of 1947 was considered as generally better than that 
of 1946, it was thought advisable to repeat the same fractionation proce- 
dure using the late summer butterfat from cows on this better pasture. 

Fractionation of milk fat by cold crystallization also has been reported 
by Jack et al. In their early work (5) they did not obtain any one frac- 
tion with a growth promoting action superior to that of the whole milk fat. 
In a recent paper (6), they report that by the use of purified solvents they 
obtained a milk fat fraction which produced a significantly better growth 
in young rats than the original milk fat and also greater growth than 
supported by the other milk fat fractions. They attributed their first re- 
sults to the effect of impurities in the solvents on the fat. 


EXPERIMENTAL 


The September, 1947, butter obtained from the University dairy was 
fractionated in the same manner described in the first paper of this series 
(1). again using purified acetone as the solvent, and at a temperature of 
-5° C. Fraction I had a melting point of 42° C., and an iodine number of 
21, fraction II, a melting point of 7° C., and an iodine number of 51. 

The fractions, as well as the untreated butterfat and corn oil, were used 
as the separate sources of fat in the diets fed to four groups of six rats each. 
Male weanling rats of the Sprague-Dawley strain weighing 40-50 g. were 
placed on the diets, the basic composition of which is shown in table 1. 

Received for publication April 1, 1948. 

1 Published with the approval of the Director of the Wisconsin Agricultural Ex- 
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TABLE 1 
Composition of the diets 


Components 28% Diet 10% Diet 
28 10 
Sucrose... 48 66 
Casein? _.... 20 20 
4 4 
Vitamin supplement mg. per 100 g. diet 
Thiamine 0.2 
Riboflavin _..... 0.3 
Pyridoxine 0.3 
Ca pantothenate 1.5 
150 
a-Tocopherol . 2.24 
Calciferole 
2-Methol-1,4-naphthoquimone 0.21 


a Butterfat or corn oil or one of the fractions. 

b Extracted for three 2-hour periods with boiling 95% alcohol. 

¢ Phillips, P. H., and Hart, E. B., J. Biol. Chem., 109: 657. 1936. 

490% B-carotene and 10% a-carotene. 

e Crystalline irradiated ergosterol. 

The fat level of the diet in this experiment was 28 per cent. The rats were 
housed in individual metal cages with raised screen bottoms, watered and 
fed daily ad libitum and weighed once weekly. Consumption records were 
kept during the fifth week, but since the growth of the groups on the corn 
oil and fraction I diets was irregular during this week, only the efficiency 
of the butterfat and fraction II diets was calculated. 

Table 2 gives the gain in weight of the rats for 5- and 6-week periods. 
It also includes the efficiency of each of the two diets mentioned above in 
terms of grams of diet consumed per gram of weight gained. 

Even though the differences in growth in this experiment were not as 
wide as those obtained in 1945, fraction II again showed a striking superi- 
ority over fraction I, and over the butterfat and corn oil. Furthermore, 
the efficiency of the diet containing this fraction (II) was found higher 
than that containing whole butterfat. On comparing the gains on the 
butterfat itself to those on the corn oil, some superiority of the former is 


apparent with these sucrose diets. 


TABLE 2 
Growth gains and efficiency values on 28 per cent fat diets 


Butterfat Corn Oil Fraction I Fraction I1 


g- g 
5-week gain 170 165 149 186 
190 184 168 217 


Grams diet/gram gain during 5th 


1 


NUTRITIVE VALUE OF BUTTERFAT FRACTIONS 795 


In repeating this experiment for further verification, it was decided to 
replace the corn oil diet by another containing Crisco (a partially hydro- 
genated cottonseed oil) as the source of fat. This was done in view of the 
reports by Kentie (7) and Boer et al. (2), (3), who claimed that the superi- 
ority of summer butter is due to its content of vaccenic acid and also be- 
cause it was possible by Bertram’s method (1) to isolate from Crisco a sub- 
stance presumably corresponding to vaccenic acid. Also, the entire series 
was repeated on diets containing 10 per cent fat (table 1) in order to investi- 
gate the possibility that while a growth-promoting factor is being concen- 
trated in fraction II, a retarding growth factor might be left in fraction I, 
and when fed at a 28 per cent level, would inhibit growth. Table 3 repre- 
sents the various diets used and the corresponding weight gains during a 
5-week period. During the sixth week, some of the rats were killed for 
microbiological analysis of their cecal flora. 


TABLE 3 
Growth gains during the 5-week period on 28 and 10 per cent fat diets 
Butterfat Crisco Fraction I Fraction II 
146 137 130 161 


In comparing the values of the first experiment in table 2 to those dis- 
played in table 3, generally poorer growth of the latter series becomes obvi- 
ous. This is an unfortunate phenomenon in this type of study, and one 
which emphasizes the need for large numbers of experimental animals. 
However, within this series, the superiority of fraction II over the butterfat 
itself again is indicated both on the 28 and the 10 per cent level. The 
Crisco, from which have been isolated large amounts of the substance pre- 
sumably corresponding to vaccenic acid, did not stimulate better growth 
than did butterfat. 

In this experiment no significant difference seemed to have resulted 
from the varying levels of fat in the diets. However, work in progress 
points to the probability of the presence in certain fats of an inhibiting 
factor which exerts its effect to a noticeable degree when the fat represents 
a higher portion of the diet. 

SUMMARY 


September butterfat (1947) again was fractionated by crystallization 
from acetone at —5° C., yielding a liquid fraction (II) which allowed rats 
to grow at a superior rate as compared with butterfat or corn oil, and a 
solid fraction (I) which gave a significantly slower growth rate. 
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SACRAL DEFORMITY IN THE ‘‘WRYTAIL’’ ABNORMALITY IN 
CATTLE’ 


LESTER O. GILMORE anp ALVIN F. SELLERS2 


Divisions of Dairy Husbandry and Veterinary Medicine, 
Minnesota Agricultural Experiment Station, 
St. Paul, Minnesota 


The importance and the possible mode of inheritance of ‘‘wrytail’’ in 
cattle have been presented by Atkeson and Warren (2) and by Atkeson 
et al. (1). These workers point out that the ‘‘wrytail’’ character has been 
observed in the Guernsey, Holstein-Friesian, Ayrshire, Brown Swiss and 
Jersey breeds. Their data indicate its inheritance as a single autosomal re- 
cessive. Observations of the present authors have extended to four breeds 
heretofore unreported and include 137 cattle of different ages and both 
sexes, as follows: Beef Shorthorns, 51; Aberdeen Angus, 39; Hereford, 17; 
Red Polled, 30. The only case of wrytail found was in one Red Polled cow 
in which the tailhead was set to the left. 

A ‘‘wrytail’’, according to Atkeson et al. (1) is a malformation consist- 
ing of a distortion of the tail head, the base of the tail being set at an angle 
to the back bone instead of in line with it. The ‘‘tailhead’’ is the term 
commonly used by dairy cattle workers and judges to designate the area 
limited by the first three coccygeal vertebrae. The ‘‘wrytail’’ malforma- 
tion therefore, would seem to be at or near the junction of the fifth sacral 
and first coceygeal vertebrae. 

Roemmele (5) described a condition in Brown Allgauer cattle as being 
somewhat similar to ‘‘wrytail’’. Essentially, this malformation involved 
a twisting of the coceygeal vertebrae at a point posterior to the tail head. 
While the malformation described by Roemmele is similar in the effect on 
the vertebrae and intervertebral dises, the region affected makes it more 
nearly resemble ‘‘screwtail’’ (Knapp et al. (4)) than ‘‘wrytail’’. 


EXPERIMENTAL 


The present investigation involves a study of the anatomical features of 
the ‘‘wrytail’’ condition in a 7-year-old purebred Jersey female. Inas- 
much as this was a case of definite wrytail and no similar analysis is known 
to have been attempted, it is thought the results may be of interest to 
others. In this case the tail was set to the right as indicated in figure 1. 
This condition was first observed when she was a 2-year-old. It is not 


Received for publication April 9, 1948. 
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known how long the character was present or if it was present at birth, as 
prior observations with this in mind had not been made. Three months 
after this picture was taken, the cow was slaughtered and a section of the 
rump, approximating 60 lb., was removed. This portion included the sac- 
rum, most of the tail, and parts of the ilia. From the tissues thus involved, 
that portion of the tail and sacrum shown in figure 2 was prepared by re- 
moving the soft tissue, first by boiling water and, subsequently, by removing 
soft tissue with a scalpel and, finally, with steel wool. The sacrum was 


Fig. 1. Dorsal aspect of sacro-coceygeal region on a 7-year-old multiparous Jersey 
cow, no. 264, 


then compared with the normal as described by Ellenberger and Baum (3) 
and by Sisson and Grossman (6). No evidence of trauma or inflammatory 
change (in terms of callus formation, thickening, or exostosis) was dis- 
covered. 

The sacrum in this subject was 25 em. in over-all length, 19 em. in 
width anteriorly (alae) and 7.8 em. in width at the extreme posterior 
extremity. Sacral segments I-IV, inclusive, were fused in their bodies, 
and in their spinous, transverse, and articular processes. The over-all 
length represented by fused segments I-IV, inclusive, was 20 em. The 
fifth sacral segment was not fused at the junction of its body or transverse, 
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spinous, or articular processes with those of the fourth segment. The fifth 
dorsal and ventral sacral foramina thus were incomplete and that part of 
the lateral sacral crest, contributed to by the articular processes of sacral 
segments IV and V, also was incomplete. A lateral declination of approxi- 
mately 12° to the right from the longitudinal axis common to sacral seg- 
ments I-III, inclusive, to the axis common to sacral segments IV and V 
was noted. No declination was noted between the longitudinal axis of 


Fie. 2. Ventral aspect of sacrum and first three cocecygeal vertebrae of Jersey 
cow no. 264, showing sacral deformity. 


sacral segment V and that possessed in common by the first three coceygeal 
vertebrae (fig. 3). 

Three radiographs were taken of this area, one before death and two 
after death. The one taken during life (11-15-46) demonstrated that the 
deformity did not lie in the anterior coccygeal region. The second (fig 3), 
taken of the frozen rump, revealed the site of the deformity to be in the 
sacrum. The final radiograph (fig. 4) was made of the sacro-coccygeal re- 
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Fie. 3. Radiograph of sacro-coccygeal region, in section of rump removed from 
carcass at slaughter and then frozen. Dorsal view. Cow no. 264. 


gion after removing the soft tissue. The specimen was laid flat on the cas- 
sette (i.e., with the sacral alae depending over the edge) and a series of 
exposure made of the area apparently involved in the deformity (segments 
III-V, inclusive). The exposures were made on six portions of one large 


TABLE 1 
Detailed radiographic study of sacral segments III-V, inclusive 


Exposure Tube current 
4 in Voltage Distance reading Time 
(kilovolts) (in.) (milliamps.) (sec.) 
1 60 30 52 0.1 
2 60 30 52 0.25 
3 60 30 52 0.5 
4 40 30 55 0.25 
; 5 40 30 55 0.5 
6 40 30 55 0.75 
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film, using lead plates to delineate the areas. T.me and intensity varia- 
tions were introduced, as noted in table 1. 

The first series (exposures 1-3, inclusive) showed greater delineation of 
articulation or fusion (as the case might be) of adjacent segments, and 
midline detail in general. The second series (exposures 4-6, inclusive) 
showed greater delineation of transverse process structure. 


Fie. 4. Detailed radiographic study of sacral segments III-IV, Dorsal view (see 
table 1). Arrow indicates wedge-shaped area of fusion between segments III-IV. Cow 


no. 264. 


An over-all lateral declination (right) of about 12° was noted, occur- 
ring at the fusion point of segments III-IV (7°) and within segment IV 
itself (5°). Since the specimen lay flat on the casette at the time of ex- 
posure, and since the anode-film distance was relatively great and the per- 
pendicularity of the central ray to the film was carefully checked, it was 
felt that linear and angular measurements made from the film would be 
valid. A measurement of declination of involved segments, made from the 
film (exposure 3, fig. 4), showed approximately 7° lateral declination 
(right) of the longitudinal axis (perpendicular to the line of fusion) of 
the anterior portion of sacral segment IV, from the longitudinal axis of 
segment III. An additional lateral declination of approximately 5° 
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(right) of the longitudinal axis of the posterior portion of segment IV 
(also perpendicular to the transverse axis of the articulation concerned, 
i.e., IV-V) from the longitudinal axis of the anterior portion, was noted. 

On exposure 3, figure 4, a measurement of the intersegmental distance 
at the fusion point demonstrated a slight wedge-shape of that area. At its 
central and right portions, this area measured approximately 2 mm. in an- 
tero-posterior thickness. At its visibly expanded left extremity, it meas- 
ured 3mm. in antero-posterior thickness. The right lateral portion was 
not as amenable to accurate measurement on the X-ray film as the other 
portions of the fusion area, due to the partial obscurity cast by the spinous 
process. However, the wedge-shape and general measurements of this area 
were verified on the specimen itself. External measurements on the speci- 
men are given in table 2. 

Measurements also were made on right and left sagittal longitudinal 
axes of segment IV, at a distance of 12 mm. to either side of the ventral 


TABLE 2 


External measurements of intersegmental fusion areas of sacrum 


Ventral intersegmental distance, 


Articulation (fusion area) Transverse diameter aahese-gecteniee 


of sacral segments of articulation® Left, 12 mm. Mid- Right, 12 mm. 
from midpoint point from midpoint 
(mm.) (mm.) (mm.) (mm.) 
I-II 39 5.0 2.0 5.0 
II-III 35 3.5 .2.75 3.25 
III-IV 28 3.0 2.5 2.0 


* Calipers and dividers were used in making measurements. 


midline (the distance 12 mm. was chosen arbitrarily, since differences 
seemed fairly pronounced and more easily measurable at that distance). 
The length of the right sagittal axis was found to be 47 mm. as compared 
to 50 mm. for the length of the corresponding left sagittal axis. 


CONCLUSIONS 


Examination of the sacral and coceygeal vertebrae of one animal showed 
the ‘‘wrytail’’ malformation to involve the sacrum rather than the tail- 
head in the case studied. 

The extent and direction of the malformation as measured by the angle 
of declination was 12° right. 

From radiographic and other observations, it appears that one locus 
of bone growth disparity lay in the fusion area between sacral segments III 
and IV. An additional declination (42 per cent of the total) occurred 
within the body of sacral segment IV. 
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FROZEN HOMOGENIZED MILK. IV. KEEPING QUALITY OF 
FROZEN HOMOGENIZED MILK AFTER THAWING 


Cc. J. BABCOCK,1 CAPT. JOSEPH N. STABILE, SnC, USA, EARNEST WINDHAM, 
LARUE B. EVANS, anp COL. RAYMOND RANDALL, VC, USA 


Veterinary Division, Army Medical Department Research and Graduate School, 
Army Medical Center, Washington, D. C. 


Previous studies (2, 5, 6, 7,9) have shown that freezing and storage tem- 
peratures affect the physical character of homogenized milk. Later studies 
(3, 4, 8) showed that when homogenized milk was frozen, the solid compo- 
nents tended to concentrate in the lower portion of the sample. However, 
changes in the temperature at which frozen homogenized milk was stored 
did not affect materially the chemical composition of the different sections 
of quart samples. The concentration of the milk solids in the lower portion 
of the sample took place during the freezing process and apparently there 
was no further movement of these solids after the milk was frozen. 

The literature does not contain information regarding the keeping qual- 
ity of homogenized milk after it has been frozen and then thawed. The 
present study therefore was undertaken to determine the effect that storage 
of frozen homogenized milk has on its keeping quality after thawing. 


PROCEDURE 


Homogenized milk samples with a fat content of 3.8 per cent packaged 
in one-half pint paper containers by a commercial dairy in Washington, 
D. C., were used. This milk had been pasteurized at 155° F. for 30 minutes. 

Samples of the fresh homogenized milk immediately were stored at 
30.5° C., 15.5° C., 12.8° C., 7.22° C., and 1.67° C. Other samples were fro- 
zen immediately and held at —27.5° C. for various periods, after which they 
were thawed and then stored at the same temperatures as those at which 
the fresh milk samples had been held. At regular intervals a one-half pint 
sample of milk was removed from storage in order to determine its bacterial 
content, titratable acidity, pH, and flavor. The first three of these deter- 
minations were made in accordance with the methods outlined in Standard 
Methods for the Examination of Dairy Products (1). The plates were in- 
cubated at 37° C. for 48 hours. Flavor determinations were made by a 
panel of three men experienced in milk judging. , 


RESULTS 


The flavor developments in homogenized milk held for different periods 
of time before and after freezing are shown in table 1. This table shows 
Received for publication April 30, 1948. 
1 Formerly Lieutenant Colonel, SnC, AUS. Present address: Dairy Branch, Produc- 
tion and Marketing Administration, U. 8S. Department of Agriculture. 
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that storage has practically the same effect on the flavor of both the fresh 
homogenized milk and the homogenized milk that had been held in the fro- 
zen state. The samples that were stored at 30.5° C. were sour when ex- 
amined at the end of 24 hours. Those which previously had been stored for 
111 days and 129 days at — 27.5” C. were unclean or putrid, indicating that 
the rate of flavor deterioration may be slightly more rapid in milk that has 


TABLE 3 


Titratable acidity development in homogenized milk before and after freezing 
(Standard methods (1) procedure used) 


Titratable acidity (% lactie acid) 


Storage 
Storage 
— period Before No. of days frozen milk stored at -27.5° C. 


freezing 3 17 24 31 45 66 87 111 129 150 


(°C.) (days) 


10 0.28 0.18 0.17 6.16 0.15 0.16 ...... 
4 0.12 0.13 0.12 0.15 0.14 
9 0.14 0.12 0.12 0.15 0.14 
14 0.13 0.12 0.17 0.14 0.14 


been held in the frozen state. However, there appeared to be no appreciable 
difference in the rate of flavor deterioration between the two milks when 
lower storage temperatures were used. 

Table 1 further shows that frozen homogenized milk of good quality can 
be stored at usual storage temperatures after thawing without deteriora- 
tion in flavor for longer periods of time than usually are required to hold 
fluid milk before use. 
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To determine whether bacteria multiply faster and acidity develops 
more rapidly in homogenized milk which has been frozen and then thawed 
than in the corresponding fresh homogenized milk, samples of the two milks 
were stored at different temperatures. The initial bacterial count, acidity, 
and pH values were determined prior to placing the milks in storage. 
After different storage periods, these determinations were repeated. The 
results are given in tables 2, 3 and 4. 


TABLE 4 
pH changes in homogenized milk before and after freezing 
torage 
tempera- Storage No. of days frozen milk stored at —27.5° C. 


period Before 


ture 
freezing 3 17 24 31 45 66 «87 (2111 129 150 


(°C.) (days) 


1.67 2 661 ....... 6.62 6.74 
4 6.58 6.73 6.64 6.80 6.68 
9 6.58 6.68 6.52 6.68 6.50 


Table 2 shows that, as previously reported (3), freezing milk and stor- 
ing it in the frozen state had a tendency to lower the number of bacteria 
per ml. as determined by the standard plate count. The initial bacterial 
counts of the fresh homogenized milk were higher than those of the corres- 
ponding homogenized milk which had been held in the frozen state. These 
differences, however, were not consistently reflected in the counts made 
after various periods of storage. This indicates that from a bacteriological 
standpoint there is no significant difference between fresh homogenized 
milk and homogenized milk which has been held in the frozen state. 
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Tables 3 and 4 show that acidity develops at practically the same rate 
in homogenized milk when thawed, after being held in the frozen state. as 
it does in fresh homogenized milk when both are held under similar condi- 


tions. 
CONCLUSIONS 


The changes in flavor during the storage of homogenized milk which has 
been held in the frozen state and then thawed were similar to those of fresh 
homogenized milk. Frozen homogenized milk of good quality may be 
stored at usual storage temperatures after thawing without deterioration 
in flavor for longer periods than usually are required to hold fluid milk 
before use. 

From a bacteriological standpoint, as determined by standard plate 
counts, there was no significant difference between homogenized milk which 
has been stored in the frozen state and then thawed and fresh homogenized 
milk. 

Homogenized milk that had been stored in the frozen state and then 
thawed showed no significant difference from fresh homogenized milk in 
the development of acid as measured by titratable acidity and pH deter- 
minations. 


The authors wish to express their appreciation to Edith Giltner and 
Elmina Dickson for their assistance with the analytical determinations. 
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FROZEN HOMOGENIZED MILK. V. EFFECT OF AGE BEFORE 
FREEZING ON THE KEEPING QUALITY OF 
FROZEN HOMOGENIZED MILK 


Cc. J. BABCOCK,1 CAPT. JOSEPH N. STABILE, SnC., USA, ERNEST WINDHAM, 


LARUE B. EVANS, anp COL. RAYMOND RANDALL, VC, USA. 
Veterinary Division, Army Medical Department Research and Graduate School, 
Army Medical Center, Washington, D. C. 


Earlier studies (2, 6, 7, 9, 10) have shown that freezing and storage 
temperatures affect the physical character of homogenized milk. Previous 
studies (3, 4, 8) also have shown that when homogenized milk was frozen, 
the solid components tended to concentrate in the lower portion of the 
sample during the freezing process; apparently there was no further move- 
ment of these solids after the milk was frozen. A more recent study (5) 
has Lhown that frozen homogenized milk of good quality can be stored at 
usual storage temperatures after thawing without deterioration for longer 
periods of time than usually are necessary before use. 

The literature does not contain information regarding the effect of the 
age of homogenized milk before freezing on its keeping quality after freez- 
ing. The present study was undertaken to determine the effect of age be- 
fore freezing on the keeping quality of frozen homogenized milk. 


PROCEDURE 


Homogenized milk samples with a fat content of 3.8 per cent packaged 
in one-half pint paper containers by a commercial dairy in Washington, 
D. C., were used. The milk had been pasteurized at 155° F. for 30 minutes. 
Fifty-six samples were taken directly from the filler and divided into 
seven groups of eight samples each. One sample was examined immedi- 
ately for flavor, bacterial count, coliform organisms, titratable acidity, pH, 
and sediment and the remaining seven samples of this group were placed 
in a freezer held at —17.5° C.2, The remaining samples were held at 1.67° 
C. Eight samples, each representing a separate group, were removed from 
the 1.67° C. storage after 12, 24, 48, 72, 96 and 120 hours. Each time, 
one of the eight samples of the respective group was used for laboratory 
examination and the remaining seven were placed in a freezer at —17.5° C. 
The samples were removed from the —17.5° C. storage and thawed for 
laboratory examination after having been held in the frozen state for 5, 
28, 38, 47, 56, 76, and 86 days. The determinations for bacterial content, 


Received for publication April 30, 1948. 
1 Formerly Lieutenant Colonel, SnC., AUS. Present address: Dairy Branch, Pro- 
duction and Marketing Administration, U. 8. Department of Agriculture. 
2 The thermostat controlling the temperature of this freezer had sufficient lag to 
cause a temperature variation of about eight degrees. 
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coliform organisms, titratable acidity, and pH were made in accordance 
with the methods outlined in Standard Methods for the Examination of 
Dairy Products (1). The plates were incubated at 37° C. for 48 hours. 
Flavor determinations were made by a panel of three men, all of whom 
were experienced in milk judging. The sediment was determined by the 
method used by the authors in their earlier studies (2, 3). 


RESULTS 


The effect of age before freezing on the keeping quality of frozen homo- 
genized milk is shown in table 1. The milk was of good flavor throughout 
the 120 hours that it was held at 1.67° C. before freezing. The flavor of 
the milk remained good when it was held in the frozen state for 47 days, 
regardless of its age before freezing. Some of the samples that were 
thawed after they had been frozen for 56 days and for 76 days had devel- 
oped a slight oxidized flavor. However, there was no correlation between 
the age of the samples before freezing and the development of this flavor. 
When the samples were thawed after holding in the frozen state for 86 
days, they had a stale and oxidized flavor. There was an insignificant 
tendency for these flavors to be more pronounced as the age of the samples 
before freezing was increased. 

Table 1 also shows that there was no significant change in the bacterial 
content of the samples either in the 120 hours that they were held at 1.67° 
C. or in the 89 days that they were held in the frozen state at —17.5° C. 
There apparently was a slight coliform contamination of the milk that was 
used in the preparation of the samples. With the exception of those 
samples which were held at 1.67° C. for 24 hours before freezing, at least 
one sample in each age group was positive for coliform organisms in 1-ml. 
portions either before or after freezing. Two of the samples before freez- 
ing and two each of those held in the frozen state for 5, 28, 47 and 56 days 
gave positive coliform tests. Of these samples held in the frozen state for 
47 and for 86 days, one each gave a positive test. There was no correla- 
tion between the positive coliform tests in the samples before and after 
freezing. 

Table 1 shows further that the quantity of sediment remained low and 
constant in the milk samples before they were frozen. It did not increase 
when the samples were held’ in the frozen state for 5 days. When held 
for 38 days, however, the quantity of sediment had materially increased 
and it continued gradually to increase as the storage time lengthened. 
Significant separation, as shown by the sediment readings, had occurred 
when the samples were thawed after they had been held for 47 days in the 
frozen state, and considerable sediment was present in all the samples when 
they were thawed after having been frozen for 89 days. There was, how- 
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ever, no correlation between the degree of separation and the age of the 
sample prior to freezing. 

The acidity as shown by titration and by pH determinations did not 
vary significantly either before the samples were frozen or while they were 
held in the frozen state. The titratable acidity ranged from 0.110 to 0.130 
per cent and the pH values from 6.51 to 6.79. These variations were well 
within the limits of experimental error. The titratable acidity values were 
lower than usually encountered because of the dilution technic employed. 


CONCLUSION 


It is recognized that homogenized milk should be frozen as soon as pos- 
sible after processing, but if the milk is of good quality it may be kept as 
long as 120 hours at 1.67° C. before freezing without adversely affecting 
the keeping quality of the frozen product. 


The authors wish to express their appreciation to Edith Giltner and 
Elmina Dickson for their assistance with the analytical determinations. 
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FERTILITY LEVEL OF BULL SEMEN DILUTED AT 1: 400 
WITH AND WITHOUT SULFANILAMIDE 


G. W. SALISBURY! anp R. W. BRATTON . 


Laboratory of Animal Breeding and Artificial Insemination, Department of Animal 
Husbandry, Cornell University, Ithaca, New York 


The basic advantage of artificial insemination, the ability to breed more 
cows to superior sires than can be done in natural service, can be realized on 
a broad practical basis only if the single ejaculate of a superior bull can be 
divided and many cows bred with it. The practical difficulty involved in 
inseminating extremely small volumes of semen has resolved the problem to 
standardizing the volume inseminated at 1.0 ml. and diluting the semen with 
appropriate amounts of diluter. This was done to reduce the spermatozoa 
numbers to a level consistent with maximum efficiency of use of semen and 
optimum fertility. 

Earlier studies (3, 4, 5) have shown that bull semen may be diluted at 
levels as high as 1 part of semen to 100 parts of the yolk-citrate diluter with 
no detectable effect on the fertility level. The present report deals with 
experiments designed to test even wider dilution rates. 


EXPERIMENTAL PROCEDURE 


The investigatioas reported here were conducted in cooperation with the 
New York Artificial Breeders’ Cooperative, Inc. The general methods 
used in handling the semen and the methods used in determining tle results 
of each insemination have been reported earlier (3, 4,5). Two investigations 
were made. The first was to study the effect of levels of dilution above 
1: 100 when the yolk-citrate diluter was used. This diluter was composed 
of equal parts fresh egg yolk and a buffer composed of 3.6 g. of sodium 
citrate dihydrate per 100 ml. of water distilled in glass and autoclaved for 
20 minutes at 15 lb. pressure. 

Preliminary evidence suggested that some decrease in fertility might be 
expected at dilution rates above 1:100. Therefore, a carefully designed ex- 
periment was conducted using the semen of one bull of consistently high 
fertility. The experiment was in the form of a 4x4 Latin square, each of 
four ejaculates being split into fcur aliquots and each of these aliquots 
being diluted at rates of one part of semen to 100, 200, 400 and 800 parts 
of the yolk-citrate diluter. It was impossible for each of the 75 different 
inseminators involved in this study to use semen diluted at each level for 
each of the ejaculates used. Therefore, the inseminators were divided 
arbitrarily into four groups. Each group received semen diluted at one 


Received for publication May 7, 1948. 
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single rate for one particular collection, but each group received all dilution 
; rates at some time during the experiment. Such a design, although somewhat 
. cumbersome to manipulate in the central headquarters from which the semen 
was shipped, presented no difficulty in the field and permitted precise meas- 
: urements of the results. 
| The second experiment was with 19 different bulls and was designed as a 
randomized block experiment. Each bull was considered as a block. Five 
collections were made from each bull with intervals of approximately 10 
i days between collections. Dilution rates were assigned at random to these 
f collections. Each semen collection was diluted at one rate, i.e., one part of 
| semen to 100, 150, 200, 300 or 400 parts of the diluter used. The semen 
1 was shipped to all inseminators using semen of that particular breed. Four 
breeds were represented. The diluter used was composed of equal parts 
i egg yolk and a sodium citrate-sulfanilamide buffer consisting of 3.6 g. 
f sodium citrate dihydrate and 0.6 g. sulfanilamide made up to 100 ml. with 
water distilled in glass. The final concentration of sulfanilamide in the 
ih diluter was 300 mg. per 100 ml. This experiment, although not giving as 
, precise estimates of the sources of random variation as the first, was much 
more extensive in scope, and more general conclusions and recommenda- 
tions for practice could be drawn from it. 

A statistical study also was made of the relation between the number of 
spermatozoa inseminated and fertility level in the case of approximately 
700 ejaculates of semen routinely used in artificial insemination between 
January 1 and August 31, 1947. 


RESULTS 


In the first experiment the average numbers of spermatozoa in 1 ml. 
of diluted semen at each dilution rate were : for 1: 100, 14,580,000 ; for 1: 200, 
7,330,000 ; for 1: 400, 3,670,000 and for the 1: 800 dilution rate, 1,840,000 
spermatozoa per 1 ml. inseminated. The results are presented in table 1 
and include services to cows bred for the first and for the second time in 
a service period. An analysis of covariance using services as the inde- 
pendent and 165-day (5-month) non-returns as the dependent variable 
showed that the differences observed were significant, the 1: 400 and 1: 800 
rates being different from the 1: 100 rate. Also, it should be noted that the 
cows bred with the semen diluted at 1: 100 apparently held to service better 
than did the cows bred with semen diluted at the higher rates. This fact 
was of considerable interest and prompted the second experiment. 

In the second experiment the average number of spermatozoa in 1 ml. 
of the diluted semen was: for 1: 100, 12,060,000; 1: 150, 8,490,000; 1: 200, 
6,340,000; 1: 300, 4,160,000 and for the 1:400 dilution rate, 3,290,000 
spermatozoa. The means of the semen quality characteristics are presented 
in table 2. Statistical analyses of these data show that none of the differ- 
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TABLE 1 


Fertility of the semen of one bull diluted at various levels with yolk-citrate, 
45, 75 and 165 days after insemination 


Ratio of semen to diluter 


1: 100 1: 200 1: 400 1: 800 Total 

eR RES 98 106 82 70 356 
% non-returns 

Av. 45 days 76.5 63.2 56.1 61.4 64.6 

Av. 75 days ... ie 67.3 50.9 45.1 47.1 53.4 

Av. 165 days ............. 61.2 48.1 36.6 44.3 48.3 


ences were significant. Thus, it is concluded that the design did not bias the 
experiment towards different qualities of semen for use in preparation of 
different dilutions. 

The results of the inseminations are shown in table 3. They represent 
only those services to cows being bred for the first time in a service period 
and are given as 45-day (1 month), 75-day (2 month) and 165-day (5 month) 
non-returns to service. Statistical analysis of the data indicated that the 
mean differences in fertility level were not statistically significant. In fact, 
the variance due to treatments from the analysis of covariance and that due 
to random variation in the data were almost identical, the 7 value being 
1.01 for 75-day non-returns and 0.78 for 165-day non-returns. However, 
a trend toward a decrease in fertility with each decrease in the number of 
spermatozoa inseminated is apparent in the mean values for each dilution 
rate given in table 3. The correlation between the number of spermatozoa 
inseminated and the fertility of each ejaculate used in the experiment was 
0.24, a small but significant figure at the 5 per cent level of probability. The 
relationship indicated by the correlation coefficient explained but a minor 
portion of the variance in fertility level observed. The regression of fertil- 
ity level on spermatozoa numbers inseminated was linear. Between the 
limits of numbers of spermatozoa per insemination used, the caleulated re- 
gression formula was Y = 51.27+0.777X, where Y = estimated per cent of 
165-day non-returns and XY = the number of spermatozoa inseminated. This 


TABLE 2 


Average of the semen quality characteristics for each dilution rate 


Ratio of semen to diluter 


1: 100 1: 150 1: 200 1: 300 1: 400 
Initial motility, ............. 72.1 71.8 71.3 71.8 71.1 
Concentration, 1,000’s/ 
BRS ke 1,218 1,282 1,274 1,253 1,318 


Methylene blue reduction 
eee 5.0 4.9 4.7 4.9 4.6 
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result is equivalent to a change in fertility level of approximately 0.8 per 
cent for each change of one million spermatozoa between the limits used in 
the experiment. 

Similar calculations for approximately 700 ejaculates used routinely in 
artificial insemination resulted in a smaller but a statistically significant 
regression coefficient. The regression equation was Y = 56.86 +0.3146X or 
equivalent to a change of approximately 0.3 per cent in fertility for each 
change of one million spermatozoa inseminated. However, the regression 
calculated on this latter data was for a different range of spermatozoa num- 
bers inseminated than was the case of the experimeutal data. The extreme 
ranges of spermatozoa numbers inseminated in the routine work were from 
6,700,000 to 34,600,000 per insemination, with the mean being 14,700,000 
spermatozoa. In contrast, the range in the last experiment was from 2,360,- 
000 to 15,300,000 spermatozoa per insemination. 


TABLE 3 


Fertility of the semen of 19 bulls diluted at various rates with yolk-citrate sulfanila- 
mide, 45, 75 and 165 days after insemination 


Ratio of semen to diluter 


1: 100 1: 150 1: 200 1: 300 1: 400 Total 


Total services ............. 1408 1580 1581 1379 1395 7343 
% non-returns 
Av. 45 days ............... 69.1 64.3 66.7 62.6 62.6 65.1 
Av. 75 days ................ 60.9 56.3 58.4 55.0 52.8 56.7 
Av. 165 days ........... 58.1 53.2 55.4 51.3 48.5 53.3 
DISCUSSION 


This series of investigations to determine the optimum dilution rate for 
fertile bull semen and the minimum number of bovine spermatozoa required 
for maintenance of optimum fertility in artificial insemination appears to 
present a number of problems, some of which have been answered only 
partially. In the first place, the data reported earlier (3, 4, 5) showed no 
decrease in fertility as the numbers of spermatozoa inseminated were de- 
creased from approximately 400 million down to approximately 13 million 
spermatozoa per insemination. In those experiments, yolk-citrate diluter, 
made up of equal parts of fresh egg-yolk and a solution containing 3.6 g. 
or slightly more of sodium citrate dihydrate per 100 ml. of water distilled 
in glass was used. 

When the numbers of spermatozoa were reduced further by increased 
dilution with the same diluter used in the first experiment reported here, 
the decrease in fertility noted was large and the differences were significant. 
This fact suggested that the minimum number of spermatozoa per insemina- 
tion for optimum fertility had been reached. In contrast, however, the 
second experiment, in which sulfanilamide was added to the diluter, failed 
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to show the same great decrease in fertility level over a range of spermatozoa 
numbers similar to that used in the first experiment. A downward trend 
in fertility was suggested by the regression calculation. An even smaller 
downward trend in fertility with decreasing spermatozoa numbers was 
shown for semen used in routine artificial insemination work in which the 
yolk-citrate sulfanilamide diluter was regularly used. 

These facts suggest that the curve of declining fertility with decreasing 
spermatozoa numbers probably is a logarithmic one in which the plateau of 
approach to the optimum is long and the slope very small. However, as the 
minimum is approached, the rate of decrease in fertility accelerates, the 
slope of the curve becomes greater and the fertility level probably reaches 
zero before spermatozoa numbers reach that level. 

Secondly, the data presented here and other evidence from this laboratory 
suggest that the position of the curve, although perhaps not its slope, may 
be altered to some degree by the diluter in which the spermatozoa are sus- 
pended. It has been shown that the livability of bull spermatozoa is short- 
ened by greater dilutions (4). Also, it has been shown that bull sperma- 
tozoa in low concentrations are harmed by oxygen (2). Sulfanilamide de- 
presses the oxygen consumption by spermatozoa, stimulates increased liv- 
ability (1), and improves the fertility of spermatozoa used for insemination 
after storage (6). It is not known that sulfanilamide will increase the in- 
herent fertility of bull semen if that semen were used for insemination im- 
mediately after collection. Rather, the effect in increasing fertility earlier 
observed (6) is believed to be due to prolongation of innate fertilizing 
capacity rather than an actual increase in the potential. 

Based on these observations it is suggested that the addition of sul- 
fanilamide to the dilater in the last experiment reported here preserved the 
life of the spermatozoa in low concentrations better than was done by the 
yolk-citrate. Thus, the downward acceleration of the fertility level was 
partially prevented at the levels of spermatozoa numbers used. However, 
it is believed that with somewhat lower numbers of spermatozoa, the ac- 
celerated decrease in fertility would be observed. Until more fundamental 
information is available leading to control of the metabolic processes in- 
volved, it appears that the minimum number of spermatozoa from fertile 
bulls which should be used for insemination of cows rests at between 5 and 
10 millions per insemination. In the case of particularly valuable proved 
sires that are highly fertile, lower numbers of spermatozoa can be used but a 
sacrifice in fertility level probably would result. 

Finally, it should be emphasized that these experiments were carried out 
under field conditions in which shipment of semen was routine. Most in- 
seminations were made the second, third and fourth days after the semen was 
collected. The semen was from normal bulls of high fertility. It was of 
excellent quality, as shown in table 2. However, these experiments do not 
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enable one to speculate on the probable fertility of highly diluted semen from 
bulls of low fertility. Nor do the minimum numbers mentioned above imply 
that bulls producing semen of low spermatozoa count v.ill be fertile. 


SUMMARY 


In one investigation it was found that the practical limit of dilution rate 
was about 1:100 when the yolk-citrate diluter was used. In another ex- 
periment involving 7,343 inseminations when sulfanilamide was added to 
the yolk-citrate diluter at the rate of 300 mg. per 100 ml., no difference was 
found in fertility level between dilution rates of one part of semen to 100, 
150, 200, 300 and 400 parts of the yolk-citrate-sulfanilamide diluter. 

However, a trend downwards amounting to 0.8 per cent in fertility level 
for each decrease of 1 million spermatozoa inseminated was observed, over 
the range of 2.36 to 15.30 millions of spermatozoa inseminated. The prob- 
able reasons for the different results of the two experiments are discussed. 

With present handling and insemination techniques, it is suggested 
that the minimum number of spermatozoa consistent with optimum fertility 
rests at 5 to 10 millions from bulls of known fertility. 


REFERENCES 


(1) Kwopt, C. B., aNp Satissury, G. W. The Effect of Sulfanilamide upon the Liva- 
bility and Metabolism of Bovine Spermatozoa. J. Dairy Sci., 29: 285-291. 
1946. 

(2) Sauispury, G. W. The Glycolysis, Livability, and Fertility of Bovine Spermatozoa 
as Influenced by Their Concentration. The Problem of Fertility. Edited by 
Earl T. Engle. Princeton University Press, Princeton, New Jersey. Pp. 134- 
152. 1946. 

(3) Sauispury, G. W. Fertility of Bull Semen Diluted at 1: 100. J. Dairy Sci., 29: 
695-697. 1946. 

(4) Sauissury, G. W., Beck, G. H., Cupps, P. T., anp Euuiort, I. The Effect of Dilu- 
tion Rate on the Livability and the Fertility of Bull Spermatozoa Used for 
Artificial Insemination. J. Dairy Sci., 26: 1057-1069. 1943. 

(5) Satisspury, G. W., Exvuiort, I., anD VANDEMARK, N. L. Further Studies of the 
Effect of Dilution Rate on the Fertility of Bull Semen Used for Artificial In- 
semination. J. Dairy Sci., 28: 233-241. 1945. 

(6) SaLisBurY, G. W., AND Knopt, C. B. The Effect of Sulfanilamide in the Diluent 
upon Fertility of Bull Semen. J. Dairy Sci., 30: 361-369. 1947. 


AN ANALYSIS OF THE RESULTS OF THE 1947 COLLEGIATE 
STUDENTS’ INTERNATIONAL CONTEST IN JUDGING 
DAIRY PRODUCTS 
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A few items on the score cards used in the Collegiate Students’ Interna- 
tional Contest in the Judging of Dairy Products frequently have been 
questioned as to their real values in testing the judging abilities of the con- 
testants. The inference sometimes is made that certain items are scored as 
effectively by the lower ranking contestants as by the higher ranking con- 
testants. If this is true, these items may have little weight in determining 
the judging abilities of contestants. Some coaches of dairy products judg- 
ing teams have felt that high ranking contestants attain their standing, in part 
at least, because of extreme conservatism in certain phases of scoring. 

The contestants’ score cards from the 1947 contest were made available 
to determine if high standings were attained without actually showing pro- 
ficiency in judging. Also, it seemed desirable to determine if any tech- 
nics were employed by the winning contestants that could be used in the 
training of judging teams. 


PROCEDURE 


The data included herein were obtained from a study of the score cards 
of 57 contestants. Each scored ten samples of creamery butter, milk, 
Cheddar cheese and vanilla ice cream. Hereafter, these products will be 
designated as butter, milk, cheese and ice cream. Two hundred and twenty- 
eight contestant cards were examined and 2,280 judgments were involved. 

The contestants’ score cards for butter, milk, cheese and ice cream were 
grouped into quartiles. The first quartile consisted of the cards of the 14 
contestants scoring highest in the judging of that specific product; the 
second quartile contained the cards of the 14 next highest contestants, and 
so on. The quartiles for the different products may or may not have rep- 
resented the same contestants. It should be pointed out that the fourth 
quartile included cards from contestants who through carelessness failed 
by omission or commission to score properly the various items and, there- 
fore, were given the maximum penalty. For this reason the data obtained 
from the cards in the fourth quartile may not be significant. 


DISCUSSION OF THE DATA 


An examination of the data presented in tables 1 to 4, inclusive, reveals 
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enable one to speculate on the probable fertility of highly diluted semen from 
bulls of low fertility. Nor do the minimum numbers mentioned above imply 
that bulls producing semen of low spermatozoa count will be fertile. 


SUMMARY 


In one investigation it was found that the practical limit of dilution rate 
was about 1:100 when the yolk-citrate diluter was used. In another ex- 
periment involving 7,343 inseminations when sulfanilamide was added to 
the yolk-citrate diluter at the rate of 300 mg. per 100 ml., no difference was 
found in fertility level between dilution rates of one part of semen to 100, 
150, 200, 300 and 400 parts of the yolk-citrate-sulfanilamide diluter. 

However, a trend downwards amounting to 0.8 per cent in fertility level 
for each decrease of 1 million spermatozoa inseminated was observed, over 
the range of 2.36 to 15.30 millions of spermatozoa inseminated. The prob- 
able reasons for the different results of the two experiments are discussed. 

With present handling and insemination techniques, it is suggested 
that the minimum number of spermatozoa consistent with optimum fertility 
rests at 5 to 10 millions from bulls of known fertility. 
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A few items on the score cards used in the Collegiate Students’ Interna- 
tional Contest in the Judging of Dairy Products frequently have been 
questioned as to their real values in testing the judging abilities of the con- 
testants. The inference sometimes is made that certain items are scored as 
effectively by the lower ranking contestants as by the higher ranking con- 
testants. If this is true, these items may have little weight in determining 
the judging abilities of contestants. Some coaches of dairy products judg- 
ing teams have felt that high ranking contestants attain their standing, in part 
at least, because of extreme conservatism in certain phases of scoring. 

The contestants’ score cards from the 1947 contest were made available 
to determine if high standings were attained without actually showing pro- 
ficiency in judging. Also, it seemed desirable to determine if any tech- 
nics were employed by the winning contestants that could be used in the 
training of judging teams. 


PROCEDURE 


The data included herein were obtained from a study of the score cards 
of 57 contestants. Each scored ten samples of creamery butter, milk, 
Cheddar cheese and vanilla ice cream. Hereafter, these products will be 
designated as butter, milk, cheese and ice cream. Two hundred and twenty- 
eight contestant cards were examined and 2,280 judgments were involved. 

The contestants’ score cards for butter, milk, cheese and ice cream were 
grouped into quartiles. The first quartile consisted of the cards of the 14 
contestants scoring highest in the judging of that specific product; the 
second quartile contained the cards of the 14 next highest contestants, and 
so on. The quartiles for the different products may or may not have rep- 
resented the same contestants. It should be pointed out that the fourth 
quartile included cards from contestants who through carelessness failed 
by omission or commission to score properly the various items and, there- 
fore, were given the maximum penalty. For this reason the data obtained 
from the cards in the fourth quartile may not be significant. 


DISCUSSION OF THE DATA 


An examination of the data presented in tables 1 to 4, inclusive, reveals 
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TABLE 1 


The grades (points lost) of the three high individuals and quartiles of contestants 
in the judging of butter 


Points lost in scoring 


Clee Flavor Body & texture Color Salt Total 

Criti- Criti- Criti- Criti- 

Score Score Score pr Score pr 
lst individual... 7.00 1.00 0.0 0.0 0.0 0.0 0 0 8.00 
2nd oe aos 7.00 2.50 0.0 0.0 0.0 0.0 0 0 9.50 
3rd —— 9.00 2.00 0.0 0.0 0.0 0.0 0 0 11.00 

Av. of 3 high 

individuals ......... 7.66 1.83 0.0 0.0 0.0 0.0 0 0 9.49 
1st quartile ...... 9.04 3.25 0.29 0.43 0.0 0.0 0 0 13.01 
ee 11.39 3.93 0.96 1.43 0.0 0.0 0 0 17.71 
"12.00 3.71 2.14 1.29 0.11 0.07 0 0 19.32 
0.0 0.0 0 0 28.97 


16.43 5.20 3.67 3.67 


information very similar to that noted in previous studies (1, 2) ; 7.e., the 
high ranking contestants in each product attained that position because 
they knew how to score properly the ‘‘flavor’’ and ‘‘body and texture.”’ 

The following deductions from the data may be helpful: 

Flavor. The three high contestants in the scoring of the specific prod- 
ucts were not significantly better than the others in criticizing the flavor of 
cheese, ice cream and milk. However, the three high individuals showed 
superior ability to describe and evaluate the flavor of butter. Generally 
all contestants lost more points in placing a score on flavor than they did 
in recognizing a flavor. 

Body and texture. In cheese judging, the two high individuals sur- 
passed their close competitors both in recognizing defects of body and tex- 


TABLE 2 


The grades (points lost) of the three high individuals and quartiles in the judging 
of Cheddar cheese 


Points lost in scoring 


Class Flavor Body & texture Color Total 


Seore Criticism Score Criticism Seore Criticism 


1st individual ............. 9.00 6.00 4.50 1.50 1.00 2.00 24.00 
5.50 4.00 3.00 1.50 3.00 26.00 
3rd Re 6.50 7.00 3.50 1.00 2.00 30.50 
Av. of 3 high 

individuals 6.00 5.16 2.66 116 233 2681 
lst quartile... 6.14 7.39 4.04 114 214 32.03 
Qnd 7.18 7.86 5.79 1.39 2.57 38.68 
3rd“ : 7.00 11.64 5.96 118 236 43.18 
7.57 12.50 660 2.108 310 51.97 


* Only 13 contestants involved. Data from two contestants were so abnormally out 
of line they were not included. 


‘ 
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TABLE 3 
The grades (points lost) of the three high individuals and quartiles in the judging of milk 


Points lost in scoring 


Class Flavor Sediment Container & closure Total 

Seore Criticism Score Seore Criticism 
8.50 6.00 3.00 0.50 0.50 18.50 
18.00 4.00 2.25 0.25 1.00 25.50 
2200 6.50 2.50 2.25 3.50 26.75 
Av. of 3 am & individuals... 12.83 5.50 2.58 1.00 1.66 23.57 
1st quartile...... . 16.50 5.62 4.08 2.09 1.99 30.28 
2nd 20.96 6.51 4.68 1.48 2.42 36.05 
Sead ** 25.14 6.35 6.17 1.96 2.99 42.61 
-_— 30.30 7.08 8.11 2.55 3.03 51.07 


ture and in weighing the criticism. In body and texture of butter, the 
first three individuals agreed precisely with the judge and the contestants 
in the first quartile did not vary too widely from the judge. However, in 
criticizing ice cream, the three high contestants were not significantly better 
than those in the first quartile; in evaluating the criticism, the two highest 
individuals were somewhat superior to their immediate competitors. 

Miscellaneous items. Neither the judges nor the contestants criticized 
the salt content in butter in this contest. However, some contestants criti- 
cized the color of butter, but the judge did not do so. 

In the judging of the color of cheese, the three high individuals did no 
better than did those in the first three quartiles. 

Practically all contestants scored and criticized similarly the melting 
quality of ice cream. However, the scoring of color of ice cream was evi- 
dently a ‘‘booby trap’’ for some of the contestants, especially those in the 
fourth quartile. 

TABLE 4 


The grades (points lost) of the three high individuals and quartiles in the judging of 
vanilla ice cream 


Points lost in scoring 


— Flavor Body & texture Melting quality Color Final 
grade 

Criti- Criti- Criti- Criti- 

Score pr Score Score dian Score pra 
1st individual ieee. 12.00 5.70 3.50 2.50 2.50 3.00 0.0 0.0 29.20 
2nd 4.50 2.50 1.50 100 0.0 0.0 31.50 
3rd 2g ee 16.00 7.50 6.00 2.00 0.50 0.00 0.0 0.0 32.00 

Av. of 3 high 

individuals ..... 14.50 6.57 4.66 233 1.50 1.33 0.0 0.0 30.89 
1st quartile......... 16.17 6.05 5.79 2.79 193 2.04 0.04 0.07 34.88 
7.93 4.76 2.14 264 0.32 0.14 41.66 
3rd 938 5.26 2.29 236 0.29 0.29 49.23 
4th 2157 7.52 1050 7.33 2.23 2.30 4.30 0.33 56.08 
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In scoring sediment of milk, it is possible that the three high individuals 
retained a more accurate mental picture of the sediment standards than 
other contestants and thereby attained a better score. The item ‘‘con- 
tainer and closure’’ of milk evidently had been so well impressed upon the 
minds of all contestants that little variation existed in the scoring and 
criticizing of this item. 

The fourth quartile. Table 5 was compiled to demonstrate in what 
area the contestants of the fourth quartile failed most seriously. The data 
were secured by subtracting the average grade of the first quartile from 
that of the fourth quartile. The data seem to indicate that the chief weak- 
ness of the contestants represented in the fourth quartile was their inabil- 
ity to place a correct score on the flavor of the product being judged. In 
criticizing the flavor of the products, there was little difference between 
contestants of the first and fourth quartiles. This is indicated by the fact 


TABLE 5 
Difference in scores between 1st and 4th quartiles 


Seore card items 


Container Melting 
Flavor Body & texture Color Sediment & tee quality 


Product 
Criti- Criti Criti- Criti- Criti 
Score Score Seore oun Seore Seore pr Seore pr 
Butter ... 739 195 3839 38.25 ........ 
Cheese .. 8.92 143 5.11 2.56 1.06 0.96 
....... 13.80 1.46 wee 403 0.46 1.04 
457 U4T 471 G54 437 0.30 


that the fourth quartile lags behind only 1.95 points in butter, 1.43 points 
in cheese, 1.46 points in milk and 1.47 points in ice cream. A marked dif- 
ference existed between the first and fourth quartiles when the sense of 
touch (body and texture criticisms) was involved. This is shown by the 
divergence of the scores of body and texture in butter, cheese and ice cream. 
Contestants of the fourth quartile lost as many points in scoring body and 
texture of ice cream as they did in scoring flavor. Likewise, they lost 
heavily in the scoring of body and texture in cheese. The ratio between 
the criticism of body and texture and its score is narrow. From the data 
available it is not possible to make a precise observation on this point. The 
solution to the difficulty may lie in devoting more time to the development 
of the sense of touch. 

Effect of range of score on contestant rating. It has been alleged that 
contestants, when in doubt as to the correct score, tend to judge an item 
conservatively. Official judges sometimes are criticized similarly. Data in 
table 6 indicate that official judges used about 75, 57, 63 and 89 per cent of 
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TABLE 6 
Range in scores of officials and contestants in scoring flavor of dairy products 


Range of score used in scoring flavor of 


Class Butter (8)@ Cheese (7)@ Milk (15)a Ice cream (9)8 

Range % Range % Range % Range % 
Ode... EP 75.0 4.0 57.1 9.5 63.3 8.0 88.9 
1st individual........ 5.0 62.5 4.0 57.1 15.0 100.0 3.5 38.9 
i 5.0 62.5 4.5 64.3 6.5 43.3 3.5 38.9 
3rd —— 5.0 62.5 5.0 71.4 10.0 66.7 3.0 33.3 
1st quartiie............. 5.5 68.8 4.5 64.3 9.9 66.0 4.4 48.9 
5.2 65.0 3.8 54.3 - 9.6 64.0 4.2 46.7 
ee 65.0 3.6 51.4 8.0 §3.3 5.0 55.5 
mee SS cas 5.3 66.3 5.3 75.7 9.4 62.7 4.7 52.2 


a Normal range in flavor score for the product. 


the normal range in scoring the flavor of butter, cheese, milk and ice cream, 
respectively. 

In the scoring of butter for flavor, contestants of the first quartile 
used a slightly greater percentage of the normal range than did contestants 
of the remaining quartiles. The three highest individuals used a very 
slightly lower proportion of the normal range than did the average of the 
four quartiles. 

The official judge of cheese was more conservative in the use of the score 
range of flavor than the judges of the other products. The ranking indi- 
vidual used the same range. Contestants making up the second and third 
quartiles were even more conservative. On the other hand, individuals com- 
posing the fourth quartile used about 76 per cent of the recommended 


range. 


TABLE7 


Range in scores of officials and contestants in scoring body and texture of cheese and 
ice cream 


Range of score used in scoring body and texture of 


Cheese (3.5)8 Ice cream (4.5)a 
% of % of 
Actual range ran ge Actual range range 

Official 3.5 100.0 2.0 44.4 
Ast individual... 2.0 57.1 1.5 33.3 
vil 2.5 71.4 1.5 33.3 
3.0 85.7 1.0 22.2 

2.2 62.8 1.8 40.0 

2.3 65.7 1.6 35.5 

1.8 51.4 1.6 35.5 

2.4 68.5 1.5 33.3 


® Normal range in body and texture score for the product. 
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In scoring milk for flavor, most of the contestants used about the same 
range as the official judge. The winning contestant used the entire normal 
range. This contestant was not outstanding in determining the flavor de- 
fects, but he did a superior job in evaluating the flavor defect. The con- 
testant winning second place in the scoring of milk used less than half the 
percentage of the normal range used by the first place winner, yet this con- 
testant lost 10.5 more points in evaluating flavor than did the individual 
placing first. 

All students, regardless of quartile or individual standing, seemed to be 
unusually moderate in the scoring of the flavor of ice cream. The official 
judge utilized approximately 89 per cent of the normal range. Most of the 
contestants used one-third to one-half of the recommended range. 

Contestants were more conservative than the official judge in using the 
recommended range for body and texture of cheese (table 7). The official 
judge of cheese used 100 per cent of the normal range. The official judge 
and all of the contestants were extremely conservative in using the recom- 
mended range of body and texture of ice cream. 


GENERAL DISCUSSION 


The score cards as set up for the judging of butter, cheese, milk and ice 
cream contain some items which do not test proficiency in judging. This 
has been recognized for several years. The fact that they do not test pro- 
ficiency is no indication that the items should be eliminated. For example, 
data show that most participants judge bottle and cap about as well as the 
winning contestants. Deletion of this item might result in paying too little 
attention to the featuring of a clean and attractive bottle. A knowledge of 
the proper scoring of items of lesser importance is part of a student’s train- 
ing and should be retained. It is hoped that the time will come in the 
training of students when the item of flavor, for example, may be judged 
with less difference between the grades of the higher and lower ranking con- 
testants than exists at present. When that time comes, the training in 
dairy products judging will be more effective. 

In studying the data presented, the reader should keep in mind that the 
products used in the 1947 Collegiate Students’ International Contest in 
the Judging of Dairy Products may have been of such a character that 
utilization of the entire normal range was not feasible, because the prod- 
ucts may not have merited different scores. It should be emphasized that 
in any contest the ‘‘normal range’’ need not necessarily be used. 


SUMMARY 


1. The key to the success of the winning contestants lay in their abili- 
ties to evaluate the flavor of the dairy products more nearly in line with the 
judgment of the official than their competitors. Also, they approximated 
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more nearly the judges’ decision in scoring and determining the body and 
texture of Cheddar cheese and vanilla ice cream. The three high con- 
testants agreed that no body and texture defects were present in the butter 
samples scored. 

2. The items of melting quality and color of ice cream, sediment, con- 
tainer and closure of milk, color and salt of butter, and color of cheese are 
not so important as flavor and/or body and texture in testing the judging 
proficiency of the participants in the contest. 

3. With the exception of ice cream, contestants of the fourth quartile 
failed to score higher because of their inability to place a correct score on 
the flavor of the product. 

4. Concerning the use of the suggested normal range in the scoring of 
each product, the following tendencies were observed: In the scoring of the 
flavor of butter, the contestants were more conservative than the judges. 
In the rating of the flavor of cheese and milk, the contestants and the 
judges were equally moderate. In the scoring of the flavor of ice cream, 
the contestants were much more conservative than the judge. All con- 
testants were exceedingly cautious in placing scores on the body and texture 
of cheese and ice cream. 
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MANOMETRIC MEASUREMENT OF THE GAS DESORBED FROM 
VACUUMIZED WHOLE MILK POWDER 


J. H. HETRICK? anv P. H. TRACY 
Department of Food Technology, University of Illinois, Urbana 


Packaging whole milk powder in an atmosphere extremely low in oxygen 
is recognized as being a safeguard in the prevention of off-flavors caused by 
oxidation of milk constituents. During spray drying of milk, gas is en- 
trapped in the particles. This gas ‘is not entirely removed by the ordinary 
single-stage gas-packing process. Therefore, packing milk powder in an 
atmosphere extremely low in oxygen becomes a problem of control of oc- 
cluded oxygen, and possibly adsorbed oxygen, as well as one of proper tech- 
nie in gas packing. 

The origin of the entrapped gas has not been established definitely. 
Hetrick and Tracy (3) suggest that perhaps the oxygen dissolved in the 
milk is a factor in the amount of oxygen entrapped in the powder, but 
Coulter and Jenness (1) were unable to eliminate the entrapped gas in the 
powder particles by deaerating the condensed milk before drying. 

The composition of the entrapped gas varies somewhat with the storage 
time of the dried milk in an atmosphere of air, according to Haller and 
Holm (2). Their results showed that the gas entrapped in the particles 
contained from 22 to 39 per cent oxygen. 

Measurement of the amount of oxygen occluded has been done in a num- 
ber of ways. Lea et al. (4) have derived a formula by which they calcu- 
late the milliliters of oxygen per gram of powder, knowing the initial per 
cent oxygen and the final per cent oxygen after equilibrium has been 
reached in the headspace gas of nitrogen-packed powder. Haller and Holm 
(2) used an apparatus with which they could remove the ‘‘sorbed’’ gases, 
measure their volume, and determine their composition. 

If whole milk powder is put into a container and the container evacu- 
ated, the amount of gas that is removed will depend upon the temperature 
of the powder, the absolute pressure, the length of time of vacuumizing, as 
well as the physical characteristics of the powder itself. The occluded oxy- 
gen is not removed to any appreciable extent unless vacuumizing is con- 
tinued for long periods of time. Use was made of this fact in this par- 
ticular study to determine the amount of oxygen or gas entrapped in the 
powder. 

The objective of this study was to measure the rate of desorption, the 
amount of gas held, and the composition of the gas ‘‘desorbed’’ from vacu- 
umized whole milk powder by the manometric method.. The results secured 
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by this method also were compared with those secured by the method of Lea 
et al. (4). Using the manometric method, the effects of aging the powder 
in the air before vacuumizing and of saturating the milk with carbon diox- 
ide before drying on the amount of gas held during vacuumizing, and on 
the composition of the desorbed gas, was determined. It was hoped that 
by this procedure information on the origin of the entrapped gas could be 
secured. 
EXPERIMENTAL METHODS 

The whole milk powder used in this study was prepared in the labora- 
tory by drying preconcentrated milk in the small pilot drier. The drier 
was a pressure-spray type with a capacity of approximately 30 lb. of pow- 
der per hour. The apparatus shown in figure 1 was used to measure the 
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J 
Fig. 1. Apparatus used to measure the gas desorbed from vacuumized whole milk 
powder. 


rate of desorption and the amount of gas held. The composition of the gas 
desorbed from the vacuumized whole milk powder was determined by the 
method of Van Slyke and Sendroy (5). The whole milk powder container 
shown in the figure was calibrated up to the stopcock so that the packing 
density could be determined when the weight of milk powder was known. 
Capillary tubing was used for the connections and also for the manometer. 

Whole milk powder was weighed into the cans so that the packing dens- 
ity in grams per milliliter of container volume was approximately 0.5. 
The manometer was affixed to the can and a three-way valve was set in 
such a way that the vacuum pump and the manometer both were connected 
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to the can of powder. By means of the vacuum pump, a vacuum was 
drawn on the system in approximately two minutes to an absolute pressure 
of 1-2 mm. mereury. The three-way cock then was turned in such a way 
that the can of powder was opened only to the manometer, and the vacuum 
pump was removed. As the entrapped air desorbed from the powder, the 
pressure increased. Absolute pressure measurements were made until the 
pressure became constant. All pressure measurements were made at 25° 
C. When the pressure measurements became constant, it was assumed that 
equilibrium conditions had been reached. Knowing the equilibrium pres- 
sure, the volume of the can, the weight of powder, and using a value of 1.31 
for the density of air-free powder, the number of moles of gas, or volume of 
gas (N.T.P.) per gram of powder, which was held during the initial vacu- 
umizing process, could be calculated. For this purpose, the following 
formula was developed. 


22,400 P- Ww 
gas/e.- (* WRT x 


Where P, = the equilibrium pressure (mm. Hg) 
W = weight of powder in grams 
V. = ‘* volume of the container (cc.) 
T = ‘* absolute temperature 
R = ‘* gas constant (62,400 cc. mm.) 
1.31= ‘‘ assumed density of air-free milk powder in grams/ce. 


When the equilibrium pressure was reached, the volume of gas was so 
small that a sample could not be removed for analysis. In order to deter- 
mine the composition of the gas, nitrogen was admitted rapidly to a known 
pressure and then a sample of the mixed gas was removed for analysis. 
Blank determinations were made in which there was no milk powder in the 
can to determine the per cent oxygen in the nitrogen used. Knowing, the 
per cent oxygen in the nitrogen used, the pressure of the nitrogen, the 
equilibrium pressure of the gas in the container, and the total pressure 
and the per cent oxygen of the gas in the container after the nitrogen was 
admitted, the percentage of oxygen in the ¢:as that was desorbed from the 
sample of milk powder could be calculated by means of the following for- 
mula: 

(XPx) (XxPx) 


Where X, = the per cent oxygen in the ‘‘desorbed’’ gas 
X= the per cent oxygen in the mixed gas 
Py = the total pressure (mm. Hg) 
Xx = the per cent oxygen in the nitrogen 
Py = the nitrogen pressure (mm. Hg) 
P, = the equilibrium pressure (mm. Hg) 


It is recognized that this method is not an absolute one for measuring 
the amount of oxygen held by the particles during the vacuumizing process. 
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It does not include the adsorbed gas which may be present under equi- 
librium conditions. However, it is believed to show differences among dif- 
ferent treatments of milk powder with respect to the amount of oxygen held 
during vacuumization. 

RESULTS 


Reproducibility of the method. In order to ascertain how closely values 
from a number of runs would agree, four determinations on the same 
powder were made. The results are shown in table 1. The absolute pres- 
sure measurements were reproduced closely. The same milk powder used 


TABLE 1 


Reproducibility of pressure measurements during desorption of gas from vacuwmized 
whole milk powder 


Absolute pressure (Pg—P) at 25° C. (mm. Hg) 


Time after 
Cees Trial 1 Trial 2 Trial 3 Trial 4 
(hr.) 
0 1 1 2 2 
18 21 21 21 20 
27 28 28 28 28 
42 30 31 30 30 
55 32 31 31 31 
71 34 33 33 33 
90 35 34 34 34 
98 35 35 35 35 
114 35 35 35 36 
144 36 35 36 36 
187 37 36 37 37a 
258 37 36 40 62 
336 40 41 40 10 
403 41 42 42 11 
474 41 41 41 ll 


a Leaker re-evacuated to 2 mm. 


in this experiment also was packed in nitrogen gas and gas analyses were 
run on the headspace gas of the samples of powder until equilibrium was 
reached. The formula developed by Lea et al. (4) was used to calculate 
the milliliters of oxygen per gram of powder, as well as the milliliters of 
gas per gram of powder, and the values were compared to those secured by 
the manometric method. The results are listed in table 2. 

From these results it can be seen that the two methods of determination 
check closely with respect to the milliliters of oxygen per gram, but not so 
well for the milliliters of gas per gram. The conclusion to be reached is 
that perhaps the difficulty lies in the composition of the gas desorbed with 
respect to per cent oxygen. Lea et al. (4) have assumed in their deriva- 
tion that the gas entrapped in the particles contains 20.85 per cent oxygen. 
If the gas desorbed has a higher oxygen content, as data by the manomet- 
ric method show, then one would expect to have a lower value for the milli- 
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liters of gas evolved per gram of powder. The assumption that the com- 
position of the gas entrapped in the powder is 20.85 per cent oxygen is 
not significant when one uses this assumption to calculate the milliliters of 
oxygen per gram of powder. With the formula that they have derived, 
any error involved in this assumption would largely cancel out. However, 
in the calculation of the milliliters of gas held per gram, the value for the 
per cent oxygen in the gas desorbed becomes important. 

With the manometric method, the values for the milliliters of gas per 
gram are more accurate than those representing the milliliters of oxygen 
per gram because the pressure can be measured accurately, but small varia- 
tions in the per cent oxygen in the mixed gas make large errors in the 


TABLE 2 


A comparison of the manometric method and the method of Lea et al. (4) for deter- 
mination of ml. of oxygen and ml. gas entrapped per gram of whole milk powder 


Manometric method 


1 477 238.5 43 712 755 2.21 33.8 0.064 0.0216 
2 474 237.0 43 710 753 2.38 36.7 0.064 0.0235 


Method of Lea et al. 


Equilibrium 


Time % Oz % On D d ml. gas/g. ml. 0./g. 
(days) 
4 2.01 2.19 1.31 0.50 0.113 0.0235 


milliliters of oxygen. A difference of approximately 0.1 per cent oxygen 
in the gas mixture makes a difference of about 1.8 per cent in the oxygen 
content of the desorbed gas. However, the data are sufficiently accurate 
to show that the per cent oxygen in the desorbed gas is higher than that of 
ordinary air. This is in agreement with the results of Haller and Holm 
(2). One could speculate from this that the source of the entrapped air 
in the particles may be the gas that is dissolved in the milk before drying, 
or that oxygen is preferentially held in the cavities of the particle during 
vacuumizing. 

Importance of gas entrapped in milk at time of drying. If the ori- 
gin of the gas which is entrapped in the milk powder particles is the milk 
before drying, it was reasoned that the composition of the desorbed gas 
could be changed by changing the composition of the gas dissolved in milk. 
Two lots of powder were dried, one serving as a control and one in which 


Trial Vol. WwW P, Px Pr (Px) 
| ses 
| > | 
a 
at 
* 
XUN 
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the carbon dioxide was bubbled into the condensed milk before drying. 
Both lots were spray dried as nearly alike as possible as far as pressures, 
temperatures, and nozzle sizes were concerned. Duplicate tests were run 
on both lots of powder when the powder was freshly prepared, and an- 
other set of duplicate runs was made after the powder was exposed to air 
for 24 hours after drying. The data for these runs are recorded in table 3 


TABLE 3 


Effect of saturating the condensed milk with carbon dioxide and age of powder before 
vacuumizing on the gas content and composition of the gases desorbed from 
vacuumized whole milk powder 


— Trial Treatment Vol.a WwW Px Py %0.(Pr) 

1 A Control, packed 477 238.5 29 721 750 1.75 
2 A Control, packed 474 237 35 843 878 1.62 
B 24 hr. 475 237 35 853 888 1.54 
3 A CO, added to milk, 474 202 58 812 870 1.34 
B packed immedi- 479 210 57 800 857 1.20 

ately 
4 A CO, added to milk, 468 200 61 819 880 2.10 
packed after 469 200 62 808 870 2.06 

24 hr. 


Sample % O, de- % CO, de- 
a J CO: (Pr) sorbed gas Ml. gas/g. M1l.0O./g. Ml. CO,/g. 


3 15.9 2.61 39.1 0.110 0.0175 0.0430 
13.8 2.75 41.3 0.104 0.0143 0.0429 
4 26.3 2.19 31.6 0.116 0.0305 0.0367 
24.9 2.16 30.4 0.118 0.0294 0.0359 


2 Vol.= Volume of container (cc.). 

W = Weight of powder in grams. 

P, = The equilibrium pressure (mm. Hg). 

Py = Pressure of nitrogen (mm. Hg). 

P,= Total pressure (mm. Hg). 
and the pressure changes by the manometric method are recorded in figure 
2. The per cent oxygen in the air desorbed from the control powder again 
was higher than that in ordinary air. On aging the control powder be- 
fore vacuumizing, the per cent oxygen in the gas desorbed decreased 
slightly, but the total volume of oxygen held per gram as well as the total 
gas per gram increased by this treatment. Similar results on the per cent 
oxygen in the air desorbed were secured by Haller and Holm (2). When 
powder is gas-packed after aging in air for 24 hours, the per cent oxygen 
in the headspace gas increases over that in powder gas-packed immediately 
after drying (1, 3). The results of this work seem to show that even 
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though the per cent oxygen in the desorbed gas decreases by aging the 
powder 24 hours before vacuumizing, the total amount of oxygen actually 
increases because the total amount of gas increases proportionately more 
than the per cent oxygen decreases. 

The effect of milk and powder treatment on composition of desorbed 
gas and amounts of gas held by powder. When powder was vacuumized 
immediately after drying, the total volume of gas held per gram of powder 
was more than doubled by bubbling carbon dioxide into the condensed 
milk before drying. The composition of the desorbed gas also was altered. 
This would lend support to the belief that at least in part the air or gas 
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Fig. 2. Pressure changes during desorption of gas from vacuumized whole milk 
powder. 


dissolved in milk is a source of the gas entrapped in the powder particles. 
Even though the total volume of gas held per gram by this treatment was 
much higher than in the control powder, the volume of oxygen held per 
gram was nearly the same as the control batch. When powder manufac- 
tured from condensed milk that had been saturated with carbon dioxide 
before drying was exposed to air for 24 hours before vacuumizing, a slight 
increase in total gas held per gram of powder was observed and almost a 
two-fold increase in the amount of oxygen held per gram was found. The 
carbon dioxide content of the powder was decreased by exposing this pow- 
der to air for 24 hours before vacuumizing. The increase which was ob- 
served in the total gas content by exposing milk powder 24 hours before 
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vacuumizing could be attributed to temperature and pressure phenomena, 
because the powder which was vacuumized immediately was warm and as 
the powder cooled, it is likely that more gas would be sorbed. 


SUMMARY 


A manometric method is presented for the determination of the amount 
of gas held and the composition of the gas desorbed from vacuumized whole 
milk powder. The amount of sorbed gases in dried milk varied with the 
methods of preparation and packaging. When freshly made powder was 
vacuumized after drying, the per cent oxygen in the gas desorbed from 
powder was higher than that of ordinary air. Upon exposure of powder to 
air for 24 hours before vacuumizing, the per cent oxygen in the gas desorbed 
was less, but not lower than the per cent oxygen in normal air. The total 
volume of oxygen held per gram of powder was increased by exposure of 
powder to air for 24 hours before vacuumizing. The composition of the gas 
desorbed and the total quantity of gas per gram of powder could be varied 
by saturating the milk with carbon dioxide before drying. This would 
lend support to the belief that, at least in part, the source of the gas en- 
trapped in powder is the gas dissolved in milk. 
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BOOK REVIEWS 


342. Advances in enzymology and related subjects of biochemistry, vol. 
VIII. Edited by F. F. Norv. 538 pp. $8.00. Interscience Pub- 
lishers, Inc., New York, N. Y. 1948. 


The 8 chapters in this volume are: Functioning of the cytoplasm; 
Quantitative studies on complement; Dehydropeptidases; Antifatty-liver 
factor of the pancreas—present status; Alkaloid biogenesis ; Certain aspects 
of the microbiological degradation of cellulose; Synthesis of lipides; The 
biochemistry of fatty acid catabolism ; Lipoxidase and the autoxidation of 
unsaturated fatty acids; and Enzymes of snake venem and their biological 
significance. Of the 14 authors, 5 are resident in foreign countries, thus 
contributing to the international flavor of the presentation. The presenta- 
tion for each subject appears to be adequate and critical. The material is 
well-organized and well-indexed. This volume contains a cumulative index 
for all 8 volumes which have appeared to date. This is a valuable contri- 
bution in the struggle to summarize the increasing mass of scientific litera- 
ture in forms which permit scientists to keep informed in areas outside of 
their limited specialties. F. E. NEuson 


343. Manual of veterinary bacteriology. RAyMonp A. KELSER AND 
Harry W. ScHoentne. 5th edn. 767 pp. $6.50. The Williams 
and Wilkins Co., Baltimore, Md. 1948. 


The current edition of this book is a mixture of the up-to-date and the 
archaic in its field, the former predominating in some sections and the latter 
in others. Much material on specialized technics of value to bacteriologists 
handling pathogenic microorganisms, some of it not available from other 
common sources, is presented. The sections on general bacteriology and 
infection and immunity are the most in need of modernization. To mention 
a few specific examples, the particulate nature of bacteriophages and 
viruses is discussed in terms of diffusion experiments of 12-15 years ago, 
with no mention made of the numerous electron microscope micrographs 
and studies of the past 7 years. The different forms of penicillin receive no 
consideration. Except for two references to textbooks published in the 
middle thirties only one reference to work published after 1903 is given 
in the unexpectedly brief chapter on infection and immunity. Although 
the sixth edition of Bergey’s Manual was published several months earlier 
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by the same publisher and the revised classification to be used had been 
publicized in some detail long before that, the classification employed, and 
thus the organization of the largest part of the book, is based upon the 
fifth edition of Bergey. In the chapter on milk and water bacteriology, 
bases for interpretation of results are lacking. Standards for coliform 
bacteria in either milk or water are not presented. Five lines, including one 
reference to an article published in 1935, are devoted to the phosphatase 
test, which might very well have occupied at least the half page devoted to 
the relatively unimportant color changes which bacteria may cause in milk. 
The illustrations are neither qualitatively nor quantitatively what one 
expects in a book published in 1948. The discussions on the microbiology 
of diseases which affect cattle are the portions which probably would be most 
useful to those in the dairy industry. F. E. NELSON 


344. Bacteriology. A textbook of microorganisms. F. W. TANNER AND 
F. W. TANNER, JR. 4th edn. 625 pp. $4.50. John Wiley & Sons, 
Ine., New York, N. Y. 1948. 


An appreciable amount of new material has been added in various places 
in the revision of this text, which treats bacteriology as such instead of as 
a branch of the medical profession. A tendency for more explanation and 
somewhat more concise organization than in earlier editions is apparent. 
The book is a good source of general information on microbiology. 

Despite the generally favorable impression, several shortcomings which 
one hardly expects in a revision dated 1948 were encountered. The illus- 
trations, on the whole, leave quite a bit to be desired, as many of them are 
either completely out of date or much inferior to what could be obtained 
without undue effort. By October 1947, when this book apparently went to 
press, the outline of the classification system used in the sixth edition of 
Bergey’s Manual of Determinative Bacteriology had been publicized quite 
widely, so there seems little justification for retaining the outline from the 
fifth edition. A portion of the discussion of water bacteriology is based 


upon the 1933 edition of Standard Methods for Water Analysis. 
F. E. NELSON 


BACTERIOLOGY 


345. Inhibition of lactic acid bacteria by analogs of pantothenic acid. 
Wiuiam anp M. 8. Dunn. Univ. of California, Los Angeles. 


J. Am. Chem. Soc., 70, 6: 2057. 1948. 


The growth of 23 strains of lactic acid bacteria, which require panto- 
theniec acid, is inhibited by w-methylpantothenic acid. The taurine analog 
showed less inhibitory action than the B-alanine derivative, but more than 
the derivative containing L-leucine. With four species of lactobacilli it was 
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shown that the inhibitory action of w-methylpantothenic acid is reversed 
competitively by pantothenic acid over a wide range of concentrations. 
H. J. PEPPLER 


CHEESE 


346. The manufacture of good quality cheese from pasteurized milk. 
H. L. Witson, Kraft Foods Co., Chicago, Ill. Southern Dairy 
Products J., 44, 1: 28-31. July, 1948. 


It will not be too long before practically all Cheddar cheese produced 
in this country will be made from pasteurized milk. A cneesemeker has 
complete control of the making process when he has a good quality milk that 
is properly pasteurized. 

The intake room must be properly supervised, every can of milk must 
be inspected and only milk that can be made into good quality cheese ac- 
cepted. The milk should be heated just high enough and held just long 
enough to show a phosphatase-negative test. A standardized procedure 
such as is suggested in detail should be followed. 

To make further progress, the cheese industry should have a program 
including: (a) properly constructed buildings, with up-to-date sanitary 
equipment kept in such condition that the milk and curd will not become 
contaminated ; (b) a good quality of clean milk whether it is pasteurized or 
not; (c) a good active uniform starter; (d) approved uniform methods of 
manufacture; (e) curing conditions that will permit the continued activity 
of essential bacteria which develop the characteristic flavor of Cheddar 
cheese. F. W. BENNETT 


CHEMISTRY 


347. Recent developments in the vitamin A field. IAN Hemsron. J. 
Chem. Soc., 1948: 386-393. March, 1948. 


This material is the text of a lecture reviewing the chemistry of vitamin 
A, particularly from the standpoint of syntheses of the various compounds 
important in elucidation of structure and function. F. E. NELSON 


348. Structural relationships in the natural unsaturated higher fatty 
acids. T. P. Hmprtcn J. Chem. Soc., 1948: 243-252. Feb., 
1948. 


This is the text of a lecture reviewing the structure and occurrence of 
these acids, particularly with respect to aquatic life and seeds. 
F. E. NELSON 
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CONCENTRATED AND DRY MILK; BY-PRODUCTS 


349. Dry milkfat as a form of storage fat. R. J. RemAuey, Kraft Foods 
Co., Chicago, Ill. Southern Dairy Products J., 43, 5: 39, 46. 
May, 1948. 

Various methods of preparation of dry milkfat have appeared in the 
literature. A practical method of production is described in the U. S. 
Patent 2,406,819 issued to Arthur W. Farrall and assigned to the Creamery 
Package Manufacturing Company. 

Dry milkfat is produced from fresh cream. The principle involved is 
removal of water and serum solids from the cream by centrifugation. The 
cream is heated to pasteurizing temperature, preferably 170 to 190°, and 
separated into 80% fat. The plastic cream then is run through an homo- 
genizer and into a continuous-type settling tank. The resulting product is 
approximately 98% fat. It is decanted and passed through an additional 
centrifuge to produce a dehydrated milkfat. 

Standards of the U. S. Quartermaster Corps are: milkfat, not less than 
99.8% ; moisture, not more than 0.1% ; copper, not more than 0.25 p.p.m.; 
peroxide value, zero; free fatty acids, not more than 0.5. Such dry milk- 
fat can be stored at 40° F. for 6 months with little analytical or organolep- 
tic change. At 0° it will remain in excellent condition for an indefinite 


period of time. Dry milkfat may be used any place that butter can be 


used. F. W. BENNETT 


FEEDS AND FEEDING 


350. Preliminary observations on using a synthetic milk for raising pigs 
from birth. L. K. Bustap, W. E. Hams, anp T. J. CunnaA, State 
College of Washington, Pullman. Arch. Biochem., 17: 249. 1948. 


An attempt was made to raise pigs removed from the mother at birth 
and placed on a synthetic milk containing all known vitamins, crude casein, 
a liver preparation, brewer’s yeast, lactose, and colostrum substitutes. 
Pigs fed no colostrum substitutes (blood serum and plasma) died shortly 
after birth. Severe diarrhea occurred in all pigs; it could not be controlled 
with penicillin, sulfathalidine, sulfamethazine and Kaopectate. The ob- 


viously inadequate diet failed to keep pigs alive more than 22 days. 
H. J. 


FOOD VALUE OF DAIRY PRODUCTS 


351. Sugar combined with milk in ice cream no tooth decay threat. 
Anonymovus. Ice Cream Rev. 31,11:160. June, 1948. 


Sugar, when combined with milk or dry skimmilk and butter, is not a 
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contributing cause to dental caries, according to results of a study recently 
condreted at the University of Wisconsin. 

In experiments with cotton rats, milk was found to protect the teeth 
of rats against dental caries and afforded a certain degree of protection, 
even when the rats were fed a solid dry ration, which characteristically 
produced a great many carious lesions. When dry whole milk, dry skim- 
milk plus butter or casein-sucrose experimental diet was reconstituted with 
water and fed, a great reduction in dental caries was noted. It was con- 
cluded that a large part of the protective effect of milk is due to its fluidity. 
Other observations indicated particle size to be important in preventing 
tooth decay, since rations made up of very coarse sugar caused less dental 
decay than did rations of finely powdered sugar. W. J. CAULFIELD 


ICE CREAM 


352. Concentrated and dry ice cream mixes. R. J. REMALEY, Kraft 
Foods Co., Chicago, Ill. Southern Dairy Products J., 43, 2: 110-11. 
Feb., 1948. 


During 1945 approximately 100,000,000 lb. of dry and concentrated ice 
cream mixes were shipped te the armed forces. Tests indicated that the 
maximum length of time they would stand up at 100° F. was 4 months. 
The use of ice cream mix by the housewife and small ice vream manufac- 
turers still is increasing. 

Ice cream mixes have an excellent future, provided (a) high quality 
dry or concentrated mix is maintained by the manufacturer ; (b) the manu- 
facturer and user rotates his product and does not extent periods of stor- 
age excessively ; (¢) unnecessary regulations are removed from present leg- 
islation and new workable regulations are set up; (d) a realistic attitude 
toward the economy of exportation is maintained. F. W. BENNETT 


353. New flavors for ice cream. F. W. BENNETT, University of Georgia, 
Athens. Southern Dairy Products J., 41, 2:55. Feb., 1947. 


Two new flavors for ice cream are described, muscadine and peanut 
butter. The muscadines are prepared by washing and removing foreign 
material which may be present. The grapes then are pressed to remove 
most of the pulp and juice, leaving hulls and seeds. The hulls are heated 
to tenderize and passed through a colander to remove the seeds, after which 
they are combined with the pulp and juice. One lb. of sugar is added for 
each 4 Ib. of fruit. Two or 3 quarts of the sweetened fruit is sufficient for 
10 gallons of ice cream. The sweetened fruit also may be stored indefi- 
nitely at 0° F. or lower. 

Some brands of peanut butter are superior to others for use in ice cream. 
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Two lbs. of the product is the proper amount to flavor 10 gallons of ice 
cream. If the butter is mixed with 1 lb. of dry sugar before adding to 
the freezer, its even distribution will be facilitated. Both flavors have 
been well received by local consumers. F. W. BENNETT 


354. Factory-produced carry-out sundaes. E. THom, Assoc. Ed., Ice 
Cream Review. Ice Cream Rev., 31, 11: 44, 45, 96. June, 1948. 

The carry-out sundae, produced on a production line basis, is one means 
by which ice cream gallonage may be increased. At the Herron Ice Cream 
Company in Cleveland, a foursome package currently is being produced 
with considerable success. The package, approximately equivalent to 1 
pint, consists of 4 ice cream rolls, approximately 2 inches in diameter, with 
a center core of fruit and pectin and a sprinkling of ground nuts, maca- 
roons or almond bisque on the top. 

A stainless steel extruder pipe is attached to the continuous freezer 
for producing the ice cream portion of the roll and the fruit is pumped to 
form the core through an inner stainless steel tube of any shape desired. 
Club, heart, diamond and spade combinations have proven to be the most 
popular core designs. The ice cream roll with its center core as it emerges 
from the 2 tubes, one inside the other, is fed onto stainless steel pans 3 ft. 
long. The pans move on a conveyor directly to the hardening room. Just 
before entering the hardening room, the pans pass beneath a device which 
sprinkles the top of the ice cream with ground macaroons or nuts, ete. 
After hardening, the ice cream roll is cut into any desired length. The in- 
dividual portions then are placed into individual cellophane containers and 
packaged in units of 4 in cardboard boxes. 

The package retailed for 35 cents in Cleveland at the time when ice 
eream was being sold for 30 cents a pint. This foursome package has 
proven extremely popular for sale directly into homes, and has enjoyed an 
excellent market among hotels, churches, lodges and other organizations 
holding large dinners. It has proven particularly helpful in keeping up 
sales during periods of low production. 

The Esmond Dairy Company at Sandusky, Ohio, uses the same equip- 
ment to produce the sidewalk sundae. This item consists of a roll of ice 
eream with a fruit core, but without nuts or macaroons being added. The 
ice cream roll of suitable length is wrapped with paper, which is easily 
peeled off, and is then inserted inacone. This item was introduced during 


the depression period to combat double- and triple-dipped cones. 
W. J. CAULFIELD 


355. The retail store of the future. D. GHormiEy. Ice Cream Trade 
J., 44,6: 56. June, 1948. 
The ice cream store of the future will be located in a suburban business 
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district within a few blocks of a middle-class residential district and on a 
main boulevard. It will be found in a specially constructed building, 
35 x 60 feet, which will have a large plate glass window, a 12-foot ceiling 
in the store area, a mezzanine over the storage area and wash rooms for 
customers. The fixtures will cost between $7,000 and $9,000 and will be 
made of colored plastics and stainless steel. All food preparations will be 
done in the kitchen and picked up by waitresses through pass-out windows. 
Dish washing will be done in a separate room. The store will seat 37 to 
43 and will have 4 booths. 

Standardization of food preparations, salesmanship and the daily operat- 
ing technics will be utilized. The company president will be an experi- 
enced retailer and constantly on the alert for new ideas. Many side-line 
products will be handled by the store of the future. The store will be air 
conditioned, and have an ‘‘electrie eye’’ door and a concealed nickelodian. 
There will be no home delivery or credit offered. W. H. Martin 


356. Borden’s guides its dealers on retail selling prices. ANONYMOUS. 
Ice Cream Trade J., 44, 6: 46, 82-84. June, 1948. 


The Borden Company letter announcing price increases on ice cream 
was accompanied by a brochure entitled, ‘‘How to Price Ice Cream.”’ 
Prices recommended for hand-dipped half-pints, pints and quarts were 25, 
45 and 85 cents, respectively. For sodas costing 6.94 cents, a 15-cent selling 
price was suggested. Dealers were cautioned to price correctly and to 
watch for consumer reaction to selling price as a guide to greater sales. 

W. H. Martin 


357. Price trends. ANoNymous. Ice Cream Trade J., 44, 6: 44, 45, 93- 
98. June, 1948. 


Higher cost of dairy products has caused ice cream manufacturers to 
increase the wholesale price of bulk ice cream 10 to 15 cents per gallon and 
the price of packaged ice cream 15 to 25 cents per gallon. In the East, 
bulk vanilla ice cream is priced at $1.60 to $1.80 per gallon, with quantity 
discounts. In Chicago the price reported was $1.85 to $1.87 per gallon 
on bulk vanilla. Prices in the South, Oklahoma, California and Kansas 
range from $1.40 to $1.50 per gallon and in Minneapolis $1.20 to $1.30 per 
gallon. W. H. Martin 


MILK 


358. Frozen storage of milk as a method of preservation. F. J. Doan, 
The Pennsylvania State College. Milk Dealer, 37, 8: 44, 102-112. 
May, 1948. 


A discussion of frozen concentrated skimmilk, frozen fluid whole milk 
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and frozen concentrated whole milk which the author summarizes as fol- 
lows: Bulk frozen concentrated skimmilk is now being used, in a limited 
way, commercially for preserving milk solids-not-fat for later use, usually 
in ice cream. It has some advantages over other storage products and 
probably will be used more generally for this purpose. Another, frozen 
homogenized fluid milk, proved very satisfactory as a preserved substitute 
for fresh fluid milk for Army uses during the war where expense was not 
a limiting factor. It is unlikely, however, to become an important com- 
mercial article in the peace-time economy. The third, frozen concentrated 
whole milk can be employed for storing whole milk solids in bulk form and 
may at some future time appear on the retail market as one of the increas- 
ing number of frozen foods which can be held on hand in the home freezer 
or individual locker by the consumer. All three of these products are ex- 
amples of an old method of frustrating nature’s demolition corps, the micro- 


organisms, but they represent new foods protected by such means. 
C. J. Bascock 


359. Borden introduces oblong 2-quart glass bottle. ANonyMous. Milk 
Dealer, 37, 8: 43. May, 1948. 

Introduction of the space saving oblong two-quart glass milk bottle at 
food stores in Chicago and vicinity is announced by Borden’s Chicago Milk 
Division. Thus, Chicago becomes the second city in the country to have 
this type of bottle, as it was introduced in New York some time ago. 

The oblong bottle takes up 28% less space in a home or store refrigerator 
than the round half-gallon bottle and takes 33% less space than 2 single 
round quart bottles. The oblong container takes up 328 cubic inches of 
space as compared with 456 cubic inches for the round bottle. Another 
advantage of the oblong bottle is that it is easier to pour from. The oblong 
shape permits a firm grip on the sides. C. J. BaBcock 


360. Plant operation and efficiency. L. C. THomsEn, University of Wis- 
-eonsin. Milk Dealer, 37, 8: 47, 48, 140-148. May, 1948. 


Under operating costs, it is pointed out that on the basis of best avail- 
able averages it appears that presently most fluid milk plants will require 
36 cents to 45 cents of every sales dollar for operation, reserves for depre- 
ciation and a reasonable return on a justifiable investment. Of this amount, 
well over one-half is paid out directly for wages and salaries. Executives 
with officer titles receive less than one-half cent of the sales dollar. Under 
the heading ‘‘Labor Savings’’ filling is pointed out as the key operation, 
and if it is not properly timed as to output, efficiency is inclined to suffer. 

The following proposals for sales economies are given: (a) increase size 
of retail and wholesale loads by use of lighter containers and cases; (b) use 
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public utility types of practices to restrict areas of operation; (c) expand 
store sales, which have been shown to cut sales costs to less than one-half of 

. those for retail delivery; (d) establish numerous milk or dairy stores; (e) 
| still further curtailing services to the consumer by, for example, delivery 
| every third day; and (f) offer quantity discounts. 


In discussing ways of reducing milk losses, the author shows that total 
‘*paper’’ losses in ideally operating milk plants selling fluid milk and cream 
amount to approximately 1.65%, of which slightly less than three-fourths 
can be assigned to the fluid milk part of the operations, and slightly over 
one-fourth can be charged to the fluid cream part of the operation. 

H.T.S.T. systems, proper routing of milk, methods of reducing waste and 
care of equipment are also discussed. C. J. Bascock 


361. New products developments leading to greater milk sales. K. G. 
WEcKEL, University of Wisconsin, Madison. Milk Dealer, 37, 8: 


50-56. May, 1948. 


Preventing oxidized flavor, unsterilized evaporated milk, uniform equip- 
ment, extended delivery routes and electronic temperature recorders are dis- 
cussed as potentialities that can improve and affect the sales and distribu- 
tion of market milk. C. J. Bascock 


362. The manufacture of a high quality chocolate milk drink. BEnua- 
MIN P. Forses, Benjamin P. Forbes Co., Cleveland, Ohio. South- 
ern Dairy Products J., 44,1: 42-3. July, 1948. 


Due to its greater miscibility, cocoa powder rather than chocolate is 
used in the preparation of chocolate milk drinks. The necessity for scru- 
pulously observing the rules prescribed by the flavor manufacturer is ob- 
vious. In using reconstituted milks, the solids should be the same as in 
fresh milk. 

Settling may be caused by: (a) insufficiently stabilized cocoa; (b) too 
much milk or insufficient butterfat content; (¢) dilution of dairy drink by 
milk or water; (d) restriction of valves on pressure side of pumps, causing 
a homogenizing effect or excessive whipping by centrifugal pumps; (e) 
too acid milk (do not neutralize); (f) using soda-neutralized milk; (g) 
using frozen milk; (h) incorrect pasteurizing and cooling; (i) insufficient 
heat or too short holding time; (j) over-agitation during and after cooling; 
(k) powder not entirely incorporated; (1) not cooled to 40° or lower; (m) 
precooling below 140° in the vat. 

Thickening may be caused by: (a) excessive pasteurizing temperature; 
(b) overstabilization; (c) use of lime or magnesium stabilizers; (d) im- 
properly rinsed bottles; (e) milk which is too acid. F. W. BENNETT 
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363. Factors to consider in making high quality chocolate milk drinks. 
W. C. THacker. Southern Dairy Products J., 43, 2: 102-3, 116. 
Feb., 1948. 


Chocolate milk is not consumed as a substitute for white milk. In 3 
urban markets, the total per capita consumption of milk was 18% higher 
in the families that included chocolate milk. 

The 6 desirable characteristics of chocolate milk or chocolate drink are: 
(a) High quality milk or part-skimmed milk. The minimum fat standard 
for whole milk should be met. (b) Mild chocolate flavor. The amount of 
flavor used ranges from 1.0 to 1.5% cocoa or 1.5 to 2.25% liquor chocolate. 
Cocoa is most used. Quality varies widely. Prepared syrups are conven- 
ient for small distributors, but the addition of the dry ingredients before 
pasteurization is less expensive. (c) Little or no sedimentation with a low 
to medium viscosity. Special finely-ground cocoas are on the market. So- 
dium alginate will prevent sedimentation at a low viscosity. Homogeniza- 
tion increases sedimentation. (d) Elimination of the ragged dark-colored 
cream layer. This can be prevented by pasteurization at 160 to 165° F. 
for 15 to 30 minutes and the addition of stabilizers. (e) Light to medium 
red-brown color. (f£) Medium to high sweetness. Consumer demands differ 
from about 5 to 8% sugar. Standard composition and processing methods 
are important. F. W. BENNETT 


364. Production can be leveled. H. F. Smmmons, Michigan Milk Pro- 
ducers’ Association. Milk Dealer, 37, 8: 92-100. May, 1948. 


A discussion is given of the ‘‘ Base and Surplus Plan’’ as a means of level- 
ing the production of milk by farmers so that it more nearly conforms to 
fluid milk requirements. C. J. Bascock 


SANITATION AND CLEANSING 


365. New sanitary practices and controls in the dairy industry. M. G. 
PEDERSON, Price’s Creameries, Inc., El Paso, Texas. Southern 
Dairy Products J., 42, 1: 34-5, 42-3. July, 1947. 


Sediment may be received in the ice cream plant through milk and its 
products, sweetening agents, stabilizers and even the city water. In the 
plant, sediment may be introduced from solid flavoring materials, air in the 
plant, undissolved particles of cleaning and sterilizing agents, lubricants 
not held back by packing glands and cartons which have not been fully pro- 
tected. Unsanitary practices of employees are another factor. Insects 
and rodents are important. Applying a 5% or stronger emulsion of DDT 
to the walls and ceiling every 2 or 3 weeks should control flies. Sodium 
fluoride, pyrethrum, rotenone and roach poisons, when regularly and prop- 
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erly used, are effective against cockroaches. Daily cleaning of the plant 
and the elimination of cracks and unused equipment which may harbor 
them are essential. Mouse-proof construction, trapping, poisoning and 
the elimination of rubbish are means of exterminating mice and rats. Antu, 
thallium sulfate, barium carbonate, zine phosphide and strychnine should 
be used by an experienced and intelligent person. F. W. BENNETT 


366. Cleaning and disinfecting milk and ice cream processing equipment. 
M. A. Battzy, The Diversey Corporation, Chicago, Ill. Southern 
Dairy Products J., 41, 4: 73, 78-81. Apr., 1947. 

Clean-up operations consume over one-third of the labor in the dairy and 
therefore are worthy of serious consideration. In the 1920’s, soap and wash- 
ing soda were the two commonly used cleaning agents. Soap left a film of 
soap or scum on the equipment, did not possess the necessary cleaning power 
and was expensive to use. Action on the hands accompanied the use of 
washing soda, lime films were left and its cleaning performance was still 
far from efficient. Chemists set out to blend the various sodas with triso- 
dium phosphate and metasilicate to obtain balanced cleaners. 

In selecting the product to be used for general cleaning, the cleaner 
must remove contamination quickly and safely; no dirt or deposit must be 
left on the equipment; the cleaner must not damage the equipment; the 
cleaner must not be hard on the hands of the operator and must be liked by 
him ; it must be economical to use judged by the results obtained. 

There are six essential characteristics that a good cleaning compound 
should exhibit : water softening to eliminate a mineral build-up on the equip- 
ment; wetting action to penetrate and wet the film to be removed ; suspend- 
ing action to prevent the settling out of soil to re-adhere to the equipment; 
emulsifying ability to keep fats suspended and allow them to be rinsed off 
easily ; rinsing ability so that the cleaner itself may be easily removed ; bac- 
tericidal action in special operation such as bottle washing. 

Milkstone may be removed safely and prevented by the successive use 
of specially prepared acid and alkaline cleaners in short-time pasteurizers, 
vacuum pans and evaporators. 

Training of the workers in the care and cleaning of equipment is of the 
utmost importance. The importance of their work must be impressed upon 
them for best results. Trained representatives of several chemical com- 
panies will assist gladly in an educational plan for plant employees. 

F. W. BENNETT 


MISCELLANEOUS 


367. Refrigeration for dairy plants. A. A. Gricer, York Corporation, 
Atlanta, Ga. Southern Dairy Products J., 39, 5: 82, 88-9. May, 

1946. 
The refrigeration for dairy plants should be designed to handle easily 
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the maximum load, require no hand regulation of control valves for min- 


imum loads and have sufficient flexibility. All efforts should be made to 
make the plant free of shut-down possibilities. There are 3 types of refrig- 
erating mediums for cooling milk products: brine, direct expansion, or 
sweet water. For the last 10 years, milk machinery manufacturers of ver- 
tical vats with spray jackets have tended to recommend cooling by sweet 
water rather than brine. If an open type sweet water tank is used, an ice 
field is built up during the night to serve as a storage of refrigeration. As 
the ice melts during milk cooling, the temperature of the sweet water reach- 
ing the milk cooler may increase 20°. For this reason, this system cannot 
be recommended for milk plant use. The shell and tube water cooler to 
deliver 34° F. water is subject to freezing up. Instantaneous water coolers 
with controls to deliver water at uniform optimum temperature are avail- 
able. Brine for cooling makes it possible to use a smaller milk cooler because 
of a lower brine temperature. When brine is used, only one ammonia 
control is necessary. The compressor in a brine system can be operated 
at 100% capacity. The wide range of temperature possible in the brine 
enables the plant to have a low enough temperature at all times. 

Corrosion should not be a problem if the brine is not allowed to become 
acid. Brine may be used in a plate cooler if the tightening head is equipped 
with a compensating spring and a proper brine control is used. The direct 
expansion system is not advisable for small plants because of (a) excessive 
cost on small volumes, (b) complicated controls and (c) short-cycling of 
compressors. This system adapts itself advantageously in larger plants, 
but for buttermilk and cream cooling, the sweet water system is used. 

A two-compressor installation is reeommended rather than a single com- 
pressor for flexibility. Too few operators of milk plants devote enough 
attention to their refrigeration needs. F. W. BENNETT 


368. How employer-employee relationships reflect good management. 
J. W. Post, Armour and Co., Chicago, Ill. Ice Cream Rev., 31, 11: 
76, 78, 80, 82, 84. June, 1948. 


The losses or gains as a result of customer satisfaction or dissatisfaction 
depend upon the kind of personnel developed by the company. Management 
must assume the responsibility for seeing that the right kind of personnel 
is developed, as only a few good employees are self-made. Fourteen groups 
of desirable traits and habits which should be developed in employees are 
enumerated. 

Better employer-employee relationship may be developed in many ways. 
Some of the methods currently used by well-managed businesses inelude 
the following : employee publications to improve the line of communications 
between employees and the company; job evaluation as it applies to wage 
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rates to prevent inequities; polling of employees for opinions, ideas and 
suggestions for improvement; regular training and educational procedure 
which is oral, visual and written; aptitude and psychological testing that 
help in employee selection and in job assignments; periodic merit rating 
by procedures which meet the need for individual appraisal; provision for 
recreational and health protection facilities; and posting of employment 
policies. 

Another factor to be considered is that of federal and state legislation 
as it affects employer-employee relationships. Plans must be formulated 
to meet such things as sick-benefit plans, life, health and accident plans, 
profit-sharing or merit-rating plans. The position of management with 
respect to labor relations is entirely different from that of a few years ago. 
Business now is confronted with inflation, full employment and much new 
legislation which affects employer-employee relations. 

Management must devote more time to the personnel problem. What 
your employees think and express determines in a large measure the public 
relations of the company concerned. How well the employer-employee 
relationship problem is solved will determine in no small measure the suc- 
cess of a given business under present-day conditions. W. J. CAULFIELD 


369. Economic aspects of open and closed cream markets, LELAND 
Spencer, Cornell University.’ Milk Dealer, 37, 8: 86-88. May, 
1948. 


Following a listing of the consequences of maintaining strict require- 
ments as to conditions under which cream is produced and handled and 
also limiting the area of inspection, it is concluded that: (a) the ‘‘closed’’ 
market policy for cream does not result in higher cost to consumers for fluid 
milk; (b) the extra income for producers is obtained through higher prices 
for cream than would prevail in an ‘‘open’’ market; (c) the extra cost of 
cream is shared by consumers and distributors of fluid cream and sour 
cream and by manufacturers of ice cream. 

Another point worthy of emphasis is that the milk produced for use as 
cream in a ‘‘closed’’ market is a reserve supply that can be drawn upon for 
use as fluid milk whenever the milk supply from inspected sources is in- 
sufficient for all demands. 

The advantages and disadvantages of requiring cream to be produced 
and handled under strict sanitary requirements within a limited produc- 
tion area are difficult to evaluate. Considerations of public health and 
aesthetics as well as economics are involved. There is need for a thorough 
and careful determination and appraisal of pertinent facts as a basis for 
intelligent action. C. J. Bascock 
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370. Trend toward conversion to oil as fuel continues. ANONYMOUS. 
Milk Dealer, 37, 8: 40. May, 1948. 


A survey made by the Olsen Publishing Co. of milk dealers in New Eng- 
land and North Central states shows that the trend among milk dealers to- 
ward converting plants from coal to oil is continuing. 

Out of 434 replies received to questionnaires, 54.5% reported they are 
now using oil as fuel, 43.4% are using coal, and 3.1% are using gas. Among 
these same dealers, however, 14.1% indicated they are planning to make 
a change in the type of fuel used, and of these, 71.5% expect to change from 
eoal to oil and another 10.7% from coal to gas. 

The determining factor mentioned most often by respondents to the 
questionnaire was that oil or gas was cleaner than coal. Second most pop- 
ular determining factor was that oil or gas saves labor; third was con- 
venience ; fourth was price; and fifth was efficiency. C. J. Bascock 
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McGRAW-HILL BOOKS 


of Timely Importance 


MILK AND MILK PRODUCTS 


By the late CLARENCE H. EcKiEs, B. Comss, and Harotp Macy, University 
of Minnesota. McGraw-Hill Publications in the Agricultural Sciences. Third 
edition. 413 pages, $2.75 


A comprehensive treatment of the chemistry and bacteriology of milk, of common dairy 
processes, of the manufacture of dairy products, of dairy testing, and of dairy calcula- 
tions. The present edition contains new material on pasteurization, Gevelegments in 
dairy processes, vitamins found in milk and dairy products, ete. 


THE MARKET-MILK INDUSTRY 


By Cuester L. RoapHouse and JAMes L. HENDERSON, University of California. 
McGraw-Hill Publications in the Agricultural Sciences. 624 pages, $6.00 


Gives the student an understanding of the technical and economic phases of the market- 
milk industry. Covers the entire field, describing approved procedures in the grading, 
pasteurizing and cooling of milk, the preparation of cultured buttermilk, table and 
whipping cream, homogenized, soft curd and vitamin D milks, chocolate milk d nks, and 
cottage cheese. 


BoviINE MASTITIS 


Edited by Raupu B. Litre, V.M.D., The Rockefeller Institute for Medical Re- 
search, Princeton, N. J., and WAYNE N. PLAstrincE, The University of Connecti- 
eut. McGraw-Hill Publications in the Agricultural Sciences. 546 pages, $7.00 


In this important book a group of recognized experts in the field present a scientific treat- 
ment of the disease as it occurs naturally, and of the advances that have been made in its 
study. The material includes anatomy of the udder, physiology of milk secretion, pathol- 
ogy of mastitis, diagnosis of mastitis, bacteriology of mastitis, serological classification of 
mastitis streptococci, environmental and hereditary factors, transmission, treatment, ete. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 18, N. Y. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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AVAILABLE AGAIN 


and READY for delivery is your copy .. . 


of the 48-page Holstein Handbook in color, hailed 
by educators, breeders, editors, as one of the finest 
pieces of breed literature available today. 


Scientifically sound, your Handbook 
tells the story of the Holstein cow in 
an attractive, informal style. In 
everyday language, it explains the 
problems every breeder faces. Pic- 
tures, catching the true spirit of the 
Holstein industry, adorn every page. 


As easy-reading as your favorite 
story-book, as satisfying as your 
family album, your Handbook gives 
you the information you need to im- 
prove your herd, increase your in- 
come, sell more seed stock, produce 
more milk, and add to the success of 
your Holstein career! 


You can make this book the Grand Champion of your library 
by sending 25¢ to 


THE HOLSTEIN-FRIESIAN ASSOCIATION OF AMERICA 


Brattleboro, Vermont 


Orvus, the time-tested wetting agent 
and synthetic detergent 


—speeds cleaning action 
—boosts the efficiency of the alkali 
—assures thorough emulsification 


—reduces bottle re-runs, particularly 
on chocolate drink bottles 


Orvus loses none of its cleaning effi- 
ciency in hardest water. Easy to use... 
economical ...a little goes a long way 
in your soaker tanks. 

For further particulars about Orvus, write 


—decreases solution drag-out by PROCTER & GAMBLE 
greatly lowering surface tension P.O. BOX 599 — CINCINNATI 1, OHIO 
Your advertisement is being read in every State and in 25 Foreign Countries 


For Clean, # | 
Sparkling Bottles 

use O VUS 
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So you think 
HE’S fast! 


Just because a guy can run 100 yards in less than 
10 seconds, you compare him to a flash of light- 
ning. Listen a minute, while we tell you about a 
salt that’s fast . . . and why it’s important to you. 


In salting butter, salt must dissolve with lightning 
speed. If the butter is on the soft side, butter 
salt must dissolve so quickly that overworking is 
avoided, Otherwise, the butter may became mot- 
tled or marbled, lose its moisture, become leaky. 
Yet, if the salt is not properly dissolved, the butter 
may be gritty. So, remember that Diamond Crystal 
Butter Salt dissolves completely in water at 65° F. 
at an average rate of 9.2 seconds, 


On the other hand, there are instances where slow 
solubility of salt is highly important . . . such as in 
salting cheese. Here slow solubility prevents salt 
being lost in whey, producing undersalted cheese. 
To meet all these problems, we have set up defi- 
nite solubility standards for Diamond Crystal 
Salt. 


Need Help? Write For It! 


If salt solubility enters into your processing, write 
to our Technical Director. He’ll gladly recommend 
the correct grade and grain of Diamond Crystal 
Salt for best results. Diamond Crystal, Dept. H-15, 
St. Clair, Michigan. 


DIAMOND CRYSTAL 


Ube 
process GALT 


Your advertisement is being read in every State and in 25 Foreign Countries 


In Thousands of Plants 
Throughout the Nation... 


Non-Corrosive! 


WRITE FOR CIRCULAR! 


An illustrated folder which fully describes 
DIVERSOL is available upon request, 
Write for your copy today, 


THE DIVERSEY CORPORATION ; 
53 W. JACKSON BLVD., CHICAGO 4, ILL. ‘ 
in Canada: The Diversey Corporation (Canada) Ltd., Toronto, Ontarie 


| 
Za yy 1s UP 
— BACTERIA co : 
— 
(x 
(SE, ici Disinfectant 
| 
Easy to Use! 
By, 
Economical! 
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BALANCED 


PRODUCTS 


DAIRY PLANT 
SANITATION 


Products and methods for better 
efficiency in food and dairy plant 
sanitation, developed by KLENZ- 
ADE chemists, are today pacing 
the way in modern food plants 
everywhere. The new, scientifi- 
cally-balanced sanitation products 
of KLENZADE are used and en- 
dorsed by the leaders . .. for 
complete sanitation. 


Write for further information on the 
KLENZADE laboratory, engineering, 
and chemical supply-service plan. 


KLENZADE PRODUCTS» 


NCORPORATEOD 
BE WISCONSIN 
fe CHEM AL CLEANING SPECIALISTS SERVING 


AIRY INDUSTRY CONVENIENTLY 
OFFICES, WAREHOUSES 


OCATED BRANCH 
DISTRIBUTORS PRINCIPAL CITIES: 
HOUT NATION | 


| GBI 


Reg. U.S. 


Creamy Smooth 


FULL BODIED 


ICE-CREAMS 
Are Made with 


wee BODY-GUARD.... 


The STABILIZER that 
Guards Your Quality 


WRITE 
for Folder No. 207 describing 
this Top Value in Stabilizers. Ask 
about our Special Trial Offer. 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK ¢ CHAGRIN FALLS, OHIO 
A LITTLE BODY-GUARD GOES A LONG WAY 


=| 
‘FRIGIDRY'’ 


Pat. Off. 


TRADE MARK 

Save Time—Save Mon- LYOPHILIZED* 
ey — Avoid Trouble. for 

Use rapid-growing UNIFORMITY 
‘Frigidry’ cultures to e 
produce mother cul- VIABILIT Y 
ture in one generation e 

and take guess work gyapiLITy 


out of making good 
buttermilk, butter and 
cheese. 


FRE E—Write for Booklet No. 206 on produc- 
tion of Cultured Dairy Products. 


GENERAL BIOCHEMICALS, Inc. 


20 LABORATORY PARK e CHAGRIN FALLS, OHIO 


*New high-vacuum, 
sub-zero drying 
process. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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_-—-—s-:* There Is Longer Life 
+ And Greater Economy In 


The GAULIN HOMOGENIZER 


This means extra dollars added to your profits every 
year, for rugged construction lowers service costs, cuts 

——— is lost time to a minimum, and gives faster, smoother op- 
eration. And Gaulin’s extra years of efficient service are plus values that lower operating costs. 


You'll find actual proof of Gaulin’s longer life among present users . . . for Gaulin is the 
oldest manufacturer of homogenizers in the country. Write for information on Gaulin 
installations near you. 


HERE is longer life in Gaulin Homogenizers . . . 
the result of rugged design and construction. 


Free 20-page illustrated color booklet is yours on request 


GAULIN MFG. CO., INC. 
Qalin > 44 Garden Street © Everett 49, Mass. 


wocenrzens 


HIGH PRESSURE PUMPS 


BREEDER’S EQUIPMENT CO. 


Supplies for Artificial Insemination of Animale 


FLOURTOWN, PA. 


ARTIFICIAL INSEMINATION 


A technical service which contributes so 
much to the Dairy Industry is worthy of 
the recognition accorded to other scientific 
achievements in the same field. 


The technician engaged in this work is a 
true specialist who requires special equip- 
ment, designed and manufactured for a 
special purpose. 

The period of makeshift and improvised 
apparatus is past. 


Our facilities are devoted exclusively to 
the production of the most efficient instru- 
ments for successful artificial insemination. 


Write for a copy of our newest catalog, 
which is now available. 


Your advertisement is being read in every State and in 25 Foreign Countries 


RENNET and COLOR 


Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marschall Rennet 
generously for maximum results. 


MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 
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FLAV-0-LAC 
FLAKES 


THE CULTURE 


of definitely better 
flavor & aroma pro- 
ducing qualities. 


The standard with 
foremost operators, 
agricultural schools & 


FLAV-0-LAC FLAKES 


(shown) produce a 
quart of the finest 
starter on a single 
ropagation. Single 
ottles $2.00. 


SPECIAL FLAV-O-LAC FLAKES “40” 


produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.50. Plus postage. 
Free Cultural Manual of Fermented Milk Prod- 
ucts on request. 


Pioneers in Spectro-chemical, Chemical and 
Fluoro-photometric Determinations of Vitamins 
A, B:, Bz, Nicotinic Acid, Pantothenic Acid, Be, 
C & BE in Dairy and Food Products. (Vitamin 
D excluded) inquiries invited. 


THE 


DAIRY LABORATORIES 


23rd & Locust Sts., Phila. 3, Pa. 
BRANCHES 

New York Baltimore Washington 
See our catalog in Dairy Industries Catalog 


For Top Quality Dairy Products 


"CHR. HANSEN'S LABORATORY, INC. 
MILWAUKEE 14, WISCONSIN 
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panpetion putter corok 

putter 

ick cream coror 

cuiture q 


madeit possible to watch the self 
venting, free draining and hori- 
zentel Full-Fie action of CP's 
exclusive Double Ported Plate. 


Whether you are a present or prospective user of 
CP Full-Flo Plate Equipment, the performance 
advantages of- CP's Exclusive Double Ported 
Plate are of vital importance to you. Here’s why— 


1. SELF VENTING FEATURE quickly 
eliminates air at the start of the run, 
avoids entrapping air during the run, 
and prevents ait pockets which en- 
courage milkstone formation. 


2. FREE DRAINING FEATURE makes 
it possible to save all the product, and 
provides rapid draining of the unit 


TO YOU! 


between runs without taking the press 
apart. 

3. HORIZONTAL FULL-FLO FEATURE 
allows plate to fill completely and thus 
provides gentle, full flowing action 
without excessive turbulence or pres- 
sure, and eliminates low velocity areas. 


In the final analysis, it’s performance that counts. 
Performance will always be IMPORTANT TO 
YOU! Compare performance features and you, 
too, will be glad you waited for CP FULL-FLO 
PLATE EQUIPMENT! 
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Culture Media for Examination of 


MILK and DAIRY PRODUCTS 
for Plate Counts 


Bacto-TryPTONE GLUCOSE ExTRACT AGAR is recommended for 
routine plate counts of bacteria in milk. This medium conforms 
to all requirements of “Standard Methods for the Examination 
of Dairy Products” of the American Public Health Association, 
except that it does not contain skim milk. 

Bacto-PRoTEosE TRYPTONE AGAR is recommended for 
determinations of the total bacterial plate count of certified milk. 
This medium is prepared according to the specifications of 
“Methods and Standards for Certified Milk” of the American 
Association of Medical Milk Commissions. 


for Detection of Coliform Bacteria 


Bacto-VIo.eTt Rep Bixe AGAR is widely used for direct plate 
counts of coliform bacteria. Upon plates of this medium 
accurate counts of these organisms are readily obtained. 

Bacto GREEN BILE 2% 

Bacto-ForMATE RIcINOLEATE BROTH are very useful liquid 
media for detection of coliform bacteria in milk. Use of 
media is approved in “Standard Methods.” 


for Detection of Molds 


Bacto-Potato DextrosE AGAR is an excellent medium for 
detection and enumeration of molds and yeasts in butter and 
other dairy products. The formula of this medium corresponds 
exactly with that specified in “Standard Methods.” 

Bacto-MA tt AGar is also widely used for determinations of the 
mold and yeast count of dairy products and for control of the 
sanitary conditions of manufacture. 


for Cultivation of Lactobacilli 


Bacto-Tomato JuIcE AGAR 

Bacto-Trypsin Dicest AGAR support luxuriant and characteristic 
growth of Lactobacillus acidophilus, and are well adapted for use 
in establishing the number of viable organisms in acidophilus 
products. These media are also widely used for estimation of 
the degree of implantation by L. acidophilus. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media. 


Dirco LABORATORIES 
DETROIT 1, MICHIGAN 
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